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-I  HAVB  not  announced  diis  work  as  the  second 
edition  of  the  I^ements  of  CSiemistry,  wliich  £ 
fbnnerty  published,  as  from  the  rapid  progress  of 
the  Science^  it  has  been  necessary  to  write  it 
nearly  anew.  Its  object,  however,  is  the  same, — 
to  give  such'  a  view  of  Chemistry  as  shall  cdnvey 
a  just  knowledge  of  its  leading  principles  and 
more  in^rtant  fiu:ts,  without  including  die  dis* 
cussion  of  controverted  opinions,  or  the  state* 
ment  of  those  minute  details  which  have  with 
proprie^  a  place  in  a  Systematic  Work. 
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INTRODUCTION. 


GJBNERAL  VIEW  OF  THE  NATURE,  OBJECTS,  AND  AP- 
PLICATIONS OF  CHEMISTRY.  HISTORICAL  SKETCH 
OF  ITS  ORIGIN  AND  PROORESS*  PRINCIPLES  OP 
CHEMICAL  ARRANGEMENT. 


rpHE  different  departmente  of  Physical  Sdence  have 
-''  relations  more  or  less  intiinate,  whence  it  becomes 
difficult  to  establish  their  respective  limits  with  perfect  pre- 
cision. Still  there  are  certain  leading  characters  by  which 
the  clashes  of  phenomena,  which  it  is  their  object  to  in- 
v^tigate^  may  be  discriminated)  and  the  sciences  themselves 
so^cientfy  de6ned. 

.One  extensive  class  includes  the  phenomena  which  a- 
rise  firom  actions  exerted  between  masses  of  matter  at  sen-r 
sible,  and  often  at  immense  distances,  accompanied  in  ge- 
neral with  no  other  change  than  diat  of  place,  and,  in 
particular,  not  connected  with  any  alteration  in  the  proper- 
ties of  the  bodies  between  which  they  have  been  exerted* 
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Actions  of  this  kind,  under  different  modifications,  consti* 
tute  the  various  branches  of  Mschanigal  Philosophy. 
Astronomy  has  fi>r  the  objects  of  its  inquiries,  the  move^ 
ments  of  the  heavenly  bodies.  Optics  studies  the  phenome- 
na which  arise  from  the  motion  of  the  rays  of  light.  To 
Pneumatics  belongs  the  consideration  of  the  in^ulse,  pres- 
sure,  and  resistance  of  elastic  fluids :  and  under  Mecha- 
nics, in  die  extansive  sense  of  the  term,  is  placed  the  deter- 
mination of  the  effects  of  the  same  forces  on  non-elastic 
fluids  and  solids.  In  all  of  these,  the  changes  which  are 
the  objects  of  investigation  are  the  results  of  sensible  mo- 
tion^  arising  from  the  <^>eration  of  pqvers  which  act  at 
perceptiUe  distances  ;  th^  are  ther^nre  capable  of  bdng 
determined  with  precision  \  and  hence  a  leading  character 
of  these  sciences,  that  their  principles  can  be  established  on 
mathematical  evidence. 

Another  class  of  actions  of  a  veiy  different  nature,  com- 
prises those  which  are  exerted  between  the  minute  parti- 
cles of  matter.  We  are  liable,  in  regarding  any  solid  body^^ 
to  consider  it  as  a  continuous  mass,  all  the  parts  of  which 
are  in  perfect  contact.  A  little  inquiiy,  however,  is  suf» 
ficient  to  convince  us  of  the  error  of  this  conclusion,  and 
to  prove  to  us^  that  every  mass  of  matter,  even  in  its  dens- 
est state,  is  composed  of  minute  particles,  which  are  not 
in  contact,  but  are  only  retained  within  certain  distances 
by  a  peculiar  force.  We  soon  discover,  too,  that  this 
force  is  liable  to  be  variously  modified,  and  that  in  conse- 
quence of  this,  these  particles  are  capable  of  acting  on  each 
other,  of  changing  their  relative  positions,  and  of  entering 
cfven  into  intimate  combinations.    Hence  arises  an  exten<^ 
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mre  class  of  actions,  Biore  obscure  and  complicated  than 
those  which  belong  to  the  Mechanical  Sciences.  \  The  in*^ 
▼estigation  of  these  actions  constitutes  the  Science  of  Ch£- 

MISTRY. 

Chemical  action  is  thus  distinguished  by  characters  suf- 
ficiently marked.  It  is  exerted  between  the  minute  partis 
des  of  matter :  it  brings  them  into  new  arrangemente  or 
combinations,  whence  changes  are  produded  in  the  pro* 
perties  of  the  bodies  subject  to  it ;  and  being  exerted  at 
no  sensible  distances,  it  admits  of  no  precise  determination, 
as  to  its  direction  or  intensity,  but  is  discovered  only  from 
changes  of  constitution  or  of  form.  And  Chemistry,  in 
conformity  to  these  views,  may  be  defined,  the  Science 
which  investigates  the  combinations  of  matter,  and  the 
agencies  of  those  general  forced  whence  these  combinations 
are  established  and  subverted. 

The  principal  power  productive  of  chemical  phenomena, 
is  th^t  species  of  Attraction,  exerted  between  the  parti* 
cles  of  bodies,  which  brings  them  into  intimate  and  per- 
manent union*  From  its  exertion  between  particles  of  a 
similar  nature,  arise  the  forms  under  which  bodies  exist, 
and  many  of  the  physical  qualities  of  which  they  are  pos« 
sessed.  And  from  its  exertion  between  particles  of  difier-. 
ent  kinds,  are  derived  the  greater  number  of  substances 
which*  compose  our  globe,-— these  consisting  of  certain  ele-' 
ments  retained  by  this  power  in  a  state  of  combination. 

This  attractive  force  i$  always  modified  in  its  action  by 
certain  repulsive  powers.  Of  these  the  most  general  is  the 
power  of  Heat.  Its  immediate  operation  is  to  separate 
the  particles  of  bodies,  and  place  them  at  greater  distant 
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oes ;  it  thus  changes  their  forms  and  qualities,  and,  when 
m  a  certain  degree  of  ii^ensitj,  subverts  the  onnbinatiGiis 
which  attraction  has  produced.  Galvanism  is  ptf haps  to 
be  r^arded  as  a  force  of  a  similar  kind,  or  rather  it  com* 
municates  to  the  particles  of  matter  both  attractive  and 
repulsive  powers,  whence  similar  changes  of  oMabination 


•  From  actions  so  extensive  and  important,  arise  changes 
in  the  structure  and  constitution  of  bodies,  connected  with 
many  of  the  established  operations  of  nature,  or  capailde 
ef  being  ad^ted  to  purposes  of  utility,  constituting  various 
arts.  Of  these  applications  of  Chemistry,  a  full  deveiop- 
mait,  even  under  a  general  point  of  view,  would  be  incom<* 
patible  with  the  limits  of  this  preliminary  discourse ;  but 
a  few  examples  are  required  to  convey  a  just  idea  of  the 
esXeat  of  the  science,  and  of  jthe  int^est  which  its  study  is 
calculated  to  excite. 

No  view  of  adjustment  in  the  economy  of  nature  is  more 
admirable  than  that  which  Chemistry  traces  with  r^ard 
to  the  temperature  of  the  globe,  the  sources  of  its  varia- 
ticois,  and  the  limits  within  which  these  are  restrained. 
That  degree  of  heat  which  is  necessaiy  to  sustain  the 
greater  numb^  of  natural  <q)erations,  is  derived  from  the 
action  of  the  solar  rays  on  the  surface  of  the  earth  ;  but 
from  the  mode  in  which  this  is  communicated,  it  is  neces* 
sarily  unequal,  or  prevails  in  different  degrees  of  intensity 
at  different  seasons,  and  at  different  regions  of  the  earth  i 
and  did  not  certain  arrangements  exist,  this  inequality 
would  continue  progressive.    These  arrangements  Chemis* 
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try  vaioid^y  and  by  discovering  that  absorption  of  heat 
which  attends  the  rarefaction  of  the  atmosphere,  the  eva*- 
pcH^ion  of  water,  and  the  mdting  of  ice,  and  that  evolu- 
tion of  heat  which  accompanies  the  reverse  changes,  it 
enables  us  to  ti*ace  the  causes  by  which  the  extremes  of 
climate  and  the  tnrasitions  of  seasons  are  moderated,  and 
the  temf>erature  ovev  the  surface  of  the  j^obe  is  preserved 
within  amipai^aXivtfy  a  limited  range* 

Chemistry  h&g  still  to  investigate  another  adjustment  in 
the  economy  of  nature,  the  necessity  for  which  the  re- 
seafehes  of  this  science  have  atone  discovered.  That  air 
is  indispensable  €b  living  beings,  is  sufficiently  demonsfrated 
by  fianiliar  facts  ;  but  that  this  air,  in  being  breathed  by 
animab,  is  rapidly  deteriorated,  and  rendered  at  lengdi 
unfit  to  sustain  life,  is  estaUished  by  the  experiments  of 
the  Chemist ;  and  it  is  only  by  these  experiments  that  the 
change  of  composition  frcmi  which  this  arises  is  made 
known.  It  is  of  course  only  from  the  successful  prosecu- 
tion tX.  these  resecffches  that  we  can  discover  the  natural 
operations  by  which  it  is  counteracted,  and  the  due  purity 
of  the  atmosphere  preserved. 

The  sp<mtaneou8  evaporation  of  water,  its  elevation  in 
clouds,  and  its  deposition  in  the  form  of  dew»  rain  and 
snow,  are  dependent  on  chemical  action.  From  the  princi- 
ples of  this  science,  the  laws  which  r^ukte  these  processes^ 
so  &r  as  they  are  known,  have  been  illustrated)  and  it  is 
only  from  the  extension  and  more  strict  appKcat]<m  of 
these  principles  that  their  theory  can  be  fiilly  developed; 

We  trace  the  chemical  agency  of  water  in  many  otheflr 
natural  operations,  in  its  action,  for  example,  on  the  sur&ee 
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of  the  earth,  the  disintegration  it  occasions,  add  die 
mate  formation  of  soil ;  and  in  the  processes  of  anindated 
existence,  particularly  in  sustaining  the  growth  of  plants^ 
and  aJfKMrding  the  principles  whence  their  products  ar^  fiurni^ 
ed. 

By  discovering  to  us,  that  the  substances  which  belong 

m 

to  the  Mineral  Kingdom  are  compounds  of  certain  ele* 
ments,  Chemistry  demonstrates  that  their  formation  must 
have  been  the  result  of  chemical  combinations ;  and  the  ap- 
plication of  its  principles  must  afibrd  the  explanation  o( 
those  arrangements,  which  the  observations  of  the  G^lo- 
gist,  skilfully  generalized,  have  demonstrated  to  prevail 
in  the  structure  of  the  solid  parts  of  the  ^obe.  And  it 
will  also  ultimately  give  the  only  sure  basis  on  which  the 
species  of  minerals  are  established  and  arranged* 

We  can  trace  the  predominance  of  chemical  action,  not 
less  in  the  processes  of  animated  nature,  thoi^h  these,  ima 
their  obscurity  and  complication,  are  more  difficult  of  ekh- 
ddadon. .  In  vegetation  we  discover  a  series  of  operations, 
in  which  the  principles  conveyed  to  the  growing  plant  are 
brought  into  new  combinations,  so  as  to  form  its  diversified 
products :  some  of  the  chemical  agencies  connected  with  it 
have  been  |»Iready  successfully  investigated ;  and  in  the  pro- 
gress of  the  science  we  may,  without  any  undue  confidence, 
predict  its  full  development,  as  a  result  of  chemical  affinities, 
modified  by  the  circumstances  under  which  they  are  ex- 
erted. The  chemical  processes  of  the  Animal  System  are 
still  more  complicated  and  more  dependent  on,  or  at  least 
more  intimately  connected  with,  the  peculiar  laws  of, vitali- 
ty }  yet  even  in  these.  Chemistry  has  discovered  a  number 
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bf  important  trutfiB  :  the  most  perfect  theory  which  we  yet 
ha#e  of  any  function  of  life^  that  of  reqpiration,  and  the 
production  by  that  process  of  animal  heat,  is  strictly  che- 
mical, and  afibfds  a  proof  of  .what  may  h/t  attained  in  a 
more  advanced  state  of  chemical  physiology. 

With  the  processes  of  Art,  Chemistry  is  not  less  strict- 
ly connected  than  with  ibe  operations  of  Nature  ;  nor 
would  k  he  easy,  in  an  Introdilctoiy  Sketch,  to  do  justice  to 
its  practical  appilicatiohs^  The  extraction  of  mi^:als  from 
their* oreSi. the  purifying,  casting*  and  forging  them,  the 
pnnhiolion  of  metallic  alloys,  and  of  metallic  pigments,  the 
mam^Eacture  erf*  glass;  cf  pottery  and  porcelaia,  the  pro- 
cesses of  bleai^iing  and  of  dyeing,  of  making  starch,  su- 
gar, and  vinegar,  of  fermenting  and  distillling,  of  tan- 
nings of  soBfMnaking,  and  of  preserving  animal  substances 
from  putrefacti^m,— *^  of  these^  in  their  most  minute  de- 
tuiSfWte  in  the  strictest  sense  of  the  term  Chemicid  Ope- 
nHHiotis.  It  is  from  the  skilful  application  of  the  principles 
of  this  science,  rather  than  from  the  uncertain  suggestions 
of  chance  or  of  randcMn  experiment,  that  their  improvement 
ur  to  be  derived.  As  Chemistry  advances,  its  applications 
to  purposes  of  utility  will  become  more  extensive,  and  more 
eesify  r^nlated ;  and  as  it  is  unbounded  in  the  .objects  of 
Us  .researches,  we  can  asa^  no  limits  to  the  extent  of 
these  relati(Mas,  nor  foresee  how  fiur  it  may  yet  add  to  the 
power  of  man. 
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Thjs  important  department  of  Physical  Science  is  ako* 
getber  of  modem  origin*  It  had  nq  place  in  the  system 
of  Ancient  Hiilosophy ;  and  though  arts  were  practised 
from  the  most  remote  antiqui^,  the  processes  of  which  are 
dependent  on  chemical  actions,  the  relations  of  these  were 
never  discovered,  and  their  principles  remamed  uiikiiowfl* 

Its  origin  is  to  be  traced  to  a  singular  porsoit  vMA 
commenced  towards  the  decline  of  literature,  and  which 
tontinued  for  many  ages  to  be  foHowed  with  unabated  W'* 
dour y*^— that  of  the  art  of  transmutation,  or  of  conviertiiig 
the  baser  metals  into  i»lver  or  gokL  In  tlie  {ntMMMftion 
of  these  delu^ve  researched,  observations  wete  necessarily 
made  on  the  changes  product  by  the  mutuid  ehetnical  ao* 
tions  of  bodies,  and  these  formed  the  base  on  wfaieh  Aa 
science  of  Chemistry  has  been  gra^i^  testeA* 

The  date  of  the  rise  of  Aldietnj,  as  (his  pretended  art 
of  transmutation  was  named,  is  not  e&aetiy  known.  It  hat 
been  traced  to  the  fifth,  the  feunh,  (ht  eiven  to  the  third 
qentury  $  but  there  is  every  reason  to*  dottbtof  tbeautkei^* 
ticity  of  the  authorities  on  which  it  has  been  refen^  t» 
these  early  periods.  Towards  the  dose  of  the  iifth  oen<» 
tury,  tome  progress  appears,  hoWever,  to  have  been  nuidr 
in  chemicd,  or  rather  alchemical  investigations^  Am<Hig 
the  Arabians,  who  had  received  the  science  and  lileratnve 
of  the  Greek  Empire,  the  study  of  alchemy  was  eagerly 
prosecuted  y  and  transferred  to  Europe,  it  continued  amid 
tlie  darkness  of  the  middte  ages,  and  even  to  a  later  pe- 
riod,  to  delude  and  mislead  those  who  endeavoured  to  pe- 
netratettbe  mysteries  of  nature.    The  ultimate  failure  of 
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jtuaae  laboriOfis  researches  led  to  the  suspicion  of  the  sound- 
nest  of  the  views  from  iK^iich  tliej  originated ;  and  the 
real,  though  alow  progress  of  experimentai  inquiry,  ai- 
I^ljiiteiied  by  the  nkxre  {ddlosophical  spirit  of  investigation 
wUch  marked  the  sixteenth  century,  banished  at  length 
die  ftffies  and  deceptions  of  alchehiy,  and  laid  the  fiKinda- 
tion  of  chemical  knowledge.  At  the  conchision  of  this 
piriod,  a  number  of  impotrtant  facts  had  been  establishedf 
some  of  the  most  powerful  chemical  agents  had  been  dis« 
ogfered  ;  thcr  instruments  of  th^  princi|nl  opetttions  of 
Chemiflftry  wjere  invented^  and  the  methods  of  conducting 
its  processes  were  improved. 

.  *  it  is  not  the  object  of  this  sketch  to  foQow  with  any  mi- 
-  liutenflBB  the  progress  of  Qiemxstry  through  its  successive 
stages.  It  is  sirfBcient  to  give  it  a  more  rafnd  glance. 
Kunckei^  Hombeig,  Lemery,  and  Geoffix>y,  were  its  first 
etiiiMBt  cultivators  free  from  alchemkal  bias.  Van  Hd^ 
mont  had  called  the  attention  of  Chemists  to  the  aerial 
fluids  so  frequently  disengaged  in  their  experiments,  and 
bad  even  pointed  out  some  of  their  properties  and  distinc* 
tioBBf^'^  subject  prosecuted  fay  Boyle,  e^cially  in  so  far 
as  rehrtsd  to  the  action  of  atmospheric  air»  and  by 
Majnw^  with  still  more  extensive  and  accurate  views. 
Baeoh  fix)6d  the  limits  of  Chemistry,  and  assigjled  it 
its  due  mbk  in  ibe  scale  of  natural  knowledge ;  and 
Newton  generalised  its  principal  phenomena,  by  tra* 
cing  more  distincdy  die  combinaaons  and  decompo- 
Mticms,  which  are  the  chief  objects  of  its  investigations, 
to  iht  c|>eratioii  of  that  q)ecies  of  attraction  exerted 
at  insMsiUe  distances  between  the  particles  of  matter. 
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Beecher  sought  to  anticipate  what  is  die  final  object  of  du^ 
mical  investigations,  and  what  will  only  be  attained  when 
these  have  reached  perfection,-'*-the  determination  of  the 
elements  from  the  combination  of  which  all  the  easthig 
varieties  of  matter  are  formed ;  and  Stahl,  adopting  in  part 
his  views,  but  limiting  his  speculations  to  the  operation 
of  one  principle,  that  to  which  the  property  of  conmrani-- 
eating  inflammability  was  ascribed,  framed  an  hypothesis 
so  extensive  in  its  chemical  relations,  as  to  have  been  re- 
garded at  one  time  as  a  general  system  of  the  science,  and 
so  well  constructed  as  to  have  commanded  ^^[ilimited  a»* 
sent. 

The  process  of  Combustion  is  of  primary  importance 
in  Chemistry,  not  only  from  the  striking  phen<»nena  it 
displap,  but  from  its  ufibrding  in  some  me<u«re  adi^n 
of  bodies  founded  on  chemidil  relations,  and  from  giving 
origin  to  some  of  the  most  important  chemical .  agents* 
Changes  analogous  to  those  which  occur  in  this  process, 
are  likewise  produced  by  the  operation  of  these  ag^its ; 
and  thus,  whatever  theory  is  framed  of  combustion  itself^ 
is  farther  extended,  and  is  indeed  capable  of  being  Bxnrs 
or  less  remotely  connected  with  nearly  the  greater  mua** 
ber  of  chemical  phenomena.  Stahl  supposed  the  existeiioe 
of  a  dSmmon  principle.  Phlogiston,  as  he  named  it,  in  in- 
flammable bodies :  its  disengagement,  under  the  feiin  of 
heat  and  light,  constituted,  he  imagined,  the  process  of 
burning :  its  escape  gave  rise  to  the  change  of  properties, 
and  particuli^ly  to  the  loss  of  inflammability,'  which  the 
body  suffering  combustion  always  sustains  :  its  communis 
cation  again  to  the  burnt  body  restores  its  original  qualib* 
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^ies  \  takd  its  transfcji:,  in  other  cases  of  chemical  action, 
gives  rise  to  analogous  effects. 

This  hypothesis  connected  a  number  of  phenomena  by 
a  common  principle,  and  apparently  afforded  a  just  .ex- 
planation of  them.  Restyigy  however^  on  an  imperfect 
knowledge  of  the  facts  which  it  generalized,  tlie  progress 
of  the  science  discovered  its  imperfections,  and  established 
veiy  different  views. 

Substances  existing  in  the  aerial  form,  are  from  their 
subtility  apparently  not  easily  subjected  to  the  usual  me- 
thods of  cheipical  investigation  ^  and  hence,  though  some 
of  the  facts  connected  with  their  formiation  and  disengage- 
ment had  attracted  the  attention  of  Chemists^  their  chemi- 
edl  actioniT  had  never  been  clearly  investigated,  their  dis- 
tinctions established,  nor  the  importance  of  their  agency 
understood.  Black,  by  his  discovery  of  the  properties  and 
combinations  of  one  of  these  aerial  substances.  Fixed  Air;, 
or  Carbonic  Acid  Gas,  demonstrated  the  importance  of 
these  researches,  and  the  department  of  Pneiunatic  Che- 
mistry was  soon  eagerly  cultivated.  By  the  discoveries  of 
Cavendish,  Priestley,  and  Scheele,  the  existence  of  other 
aerial  fluids,  their  properties,  and  chemical  relations,  were 
established :  and  Lavoisier,  entering  the  same  path  of  ex- 
perim^nt,  and  availing  himself  of  these  discoveries,  advan- 
ced q)ecuIations  distinguished  by  their  novelty  and  inge- 
nuity, and  which  soon  assumed  the  place  of  the  hypothe- 
sis of  Stahl.'  The  phenomena  which  had  been  ascribed  to 
the  evolution  of  phlogiston,  Lavoisier  proved  to  arise  from 
the  combination  of  the  base  of  an  aerial  fluid,  Oxygoi^ 
whidi  forms  the  most  active  principle  of  atmospheric  air. 
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He  traced  the  ehemkal  ag^ficies  of  this'  in*indple^  and 
framed  a  system  seducing  by  its  simplicity,  resting  appa- 
rently on  a  just  induction,  supported  by  experiments  dis- 
tinguished by  precision,  and  which,  after  a  short  period 
of  animated  discussion,  was  universally  received. 

At  the  close  of  this  period,  Chemistryji  it  was  imagined^ 
had  nearly  attained  perfection,  or  at  least  it  was  supposed 
tliat  little  more  than  insulated  facts  remained  to  be  made 
known.  A  short  time  has  been  sufficient  to  demonstrate 
the  narrowness  of  these  views.  The  laws  of  chemical  affi- 
nity, which  had  been  regarded  as  established  by  Bergman, 
have  been  materiaUy  modified  by  the  researches  of  Ber- 
thoUet  I  views  altogether  novel  have  been  presented,  and 
the  theory  of  chemical  action  rendered  more  precise  in  its 
minute  details.  And  the  acquisition  of  a  new  instrument 
of  chemical  analysis,  in  the  power  of  Galvanism,  has  alrea- 
dy, in  the  discoveries  of  Davy,  subverted  or  rendered 
doubtfid  much  of  the  established  system,  and  opens  a  ca^ 
reer  of  investigation,  the  limits  of  which  no  imagination 
can  define.  The  science  is  probably  only  in  its  in&ncy : 
it  is  at  least  far  distant  fi*om  that  maturity,  if  this  shidl 
ever  be  reached,  when  its  ultimate  object  shall  be  attained, 
when  the  real  elements  of  bodies  shall  have  been  detected^ 
and  all  their  modifications  traced  :  we  know  nothing  of  itto 
real  extent  5  nor  can  we,  from  our  present  knowledge,  form 
any  just  conception  of  the  stages  of  discovery  through 
which  it  has  to  pass. 


nfTROlWCTJOK*  IS 


The  last  olject  in  this  introductorjr  sketch  is  to  state 
the  principles  oh  which  the  arrangements  of  Chemistry  are 
formed. 

The  investigations  of  this  8ciaM%  being  directed  t4>  dw 
actiions  which  are  exerted  among  the  particles  of  matt^'t 
in  consequence  of  which  they  pass  into  new  arrangements 
and  new  states  of  cc»nbination,  and  these  actions  arini^ 
from  the  operation  of  certain  general  forces,  it  obviouslj 
divides  itself  into  tw4>  great  departments^ — the  first  com<* 
prisuig  the  investigaticm  of  the  general  effects  and  laws  of 
these  forces ;  and^  the  seccmd  considering  their  op«*atioii 
on  individual  substances.  Under  the  former  are  placed 
the  doctrines  of  Attraction,  and  of  its  antagcmist  force  Re 
pulsion,  as  produced  by  the  operation  of  heat,  light,  and 
electricity ;  to  the  latter  belongs  the  history  of  the  chemi<* 
cal  properties,  and  combinations  of  all  known  bodies. 

The  first  of  these  divisions  admits  of  little  diversity  of 
arrangement,  nor  is  it  of  much  importance  ii\  what  <Mrder 
the  subordinate  parts  belonging  to  it  are  placed.  The  se» 
cond  presents  much  greater  difficulties,  and  hence  the  nu- 
merous systems  of  chemical  classification  that  have  been 
proposed. 

Two  general  methods  are  suggested  by  the  nature  of 
the  science  itself.  Its  object  is  to  discover  the  composi* 
don  of  bodies,  or,  by  analytic  operations,  to  resolve  them 
into  the  principles  of  which  they  are  composed.  The  ne- 
cessary result  of  sndi  investigations,  is,  that  substances  are 
arrived  at  beyond  whidb  the  analysis  cannot  be  carried. 
In  tlte  theory  of  Modem  Chemistry  these  are  regarded  bur 
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simple ;  they  are  characterised  by  their  most  striking  prcr- 
perties,  and  tkeir  combinationg  are  investigated. 

Now  it  is  obvious,  that  in  'forming  a  system  of  chemical 
classification,  we  may,  following  the  synthetic  mode,  as^ 
ftume  these  8ixiq>Ie  substances  as  the  basis  of  the  arrange- 
ment, and  plabe  their  compounds  in  a  determinate  order, 
according  to  their  composition.  Or  we  may  follow  the  re- 
verse method :  we  may  arrange  the  substances,  which  are 
presented  to  us  by  nature,  into  orders  founded  on  analo- 
gies in  jchemical  prc^erties ;  and  from  the  history  of  such 
of  them  as  are  compounds,  we  may  follow  the  results  of 
analysis,  and  proceed  to  the  history  of  their  more  simple 
principles* 

0,  Since  the  establishment  of  tlie  system  of  Modem  Che- 
mistry, Chemists  have  in  general  given  the  preference  to 
the  first  of  these,  the  synthetic  mode  of  classification* 
There  is  undoubtedly  some  advantage  in  placing  the  sim- 
ple substances  before  the  compounds  which  th^  form,  and 
classifications  on  this  principle  have  a  more  scientific 
form. 

Had  Chemistry  attained  maturity,  a  perfect  synthetic 
'arrangement  might  be  constructed,  which  might  also  per- 
haps be  best  adapted  to  display  the  relations  of.  the 
science.  But  while  it  continiies  progressive,  this  must  be 
attended  with  such  difficulties  as  to  justify  the  adoption  of 
the  (q)posite  method. 

The  radical  imperfection  of  any  arrangement  in  which 
certain  substances  assumed  as  simple  form  the  basis  of  the 
system  is,  that  the  simplicity  of  these  substances  can  never 
1)6  demonstrated,  and  that  the  progress  of  the  science  ge* 


1 


JorrBODucnoN.  15  { 

i 

nerally  leads  to  the  discovery  that  they  are  compounds* 
Th^  are  regarded  as  simple,  only  because  we  are  unaUe 
to  decompose  them ;  but  this  may  arise,  not  from  their  real 
simplicity,  but  from  the  imperfection  of  our  knowledge,  ~ 
and  of  our  instruments  of  analysis.     Their  composition  is. 
accordingly  in  general  at  lengjth  discovered,  and  whenever' 
this  happens,  the  basis  of  llae  classification  is  of  course 
fiubvertedf  and  a  new  class  of  substances,  supposed  to  be 
simple,  is  again  to  be  formed.     But  of  the  real  simplicity 
of  these,  we  have  no  better  proof  than  of  the  former  :  the 
progress  of  discovery  may,  and  probably  will  prove  them 
to  be  compounds^  and  the  whole  system  must  be  again 
changed.     This  fluctuation  must  continue  until  the  ulti- 
mate principles  of  bodies  are  discovered,— a  period  from 
which  Chemistry  is  at  present  &r  distant,  and  until  then, 
no  arrangement,  founded  on   these  principles,  can  be 
stable,  but  must  perpetually  fluctuate  with  the  progress  of 
discovery. 

Another  imperfection  which  attends  synthetic  chemical 
arrangements  is,  that  the  student,  in  entering  on  the 
study  of  the  science,  has  presented  to  his  attention  sub- 
stances with  which  he  is  not  fiuniliar,  ot  rather  which, 
generally  speaking,  are  unknown  to  him.  It  is  seldom 
that  bodies  occur  in  nature  in  their  state  of  simplici- 
ty; natural  substances  are  almost  uniftMmly  compounds ; 
their  elements,  therefore,  cannot  be  g^ierally  known, 
and  the  knowledge  of  them  can  only  be  arrived  at  by 
a  long,  and  often  a  complicated  train  of  investigation. 
This  difficulty,  too,  must  become  greater  as  the  science  ad* 
vances ;  for  in  proportion  to  the  extent  to  which  analysis 
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is  carried,  the  ultimate  principles  which  are  diflcovered 
are  more  remote  from  the  natural  bodies  at  which  the 
analysis  has  commenced.  The  present  state  of  Qiemistiy, 
were  it  necessary  to  enlarge  on  this  subject,  affords  ample 
proof  of  the  justness  of  these  observations ;  the  composi- 
tion of  a  number  of  substances,  regarded  as  simple,  having 
b^n  very  recently  established,  and  their  principles  being 
substances  I  before  unknown,  and  which  are  capable  of  b^ 
ing  discovered  only  by  difficult  and  refined  modes  of  in- 
vestigation. 

For  the  reasons  now  stated,  it  has  appeared  to  me  pre- 
ferable to  relinquish  the  strictly  synthetic  mode  of  ar- 
rangement, and  to  adopt  one  the  reverse;  to  take  sulv 
stances  as  they  are  presented  to  us  by  nature  class  them 
from  analogies  in  their  chemical  properties,  and  thus  form 
naturol  orders,  the  distinctions  of  which  the  progress  of 
the  science  will  not  subvert.  From  these  we  may  pro- 
ceed, under  each  of  them,  to  the  history  of  their  elementSf 
so  far  as  the  analysis  has  been  carried,  and  thus  the  be- 
ginner of  the  stud}!  is  led,  by  the  most  natural  method 
from  what  is  •  known  to  what  is  unknown,  and  can  follow 
more  distinctly  all  the  steps  of  the  investigation.  In  oon- 
foilsiity  to  these  views,  the  arrangement  presented  in  the 
'following  table  is  formed. 
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TABLE  OF  CLASSIFICATION. 


PART  L 

OF  THE  GENERAL  FORCES  PRODUCTIVE  OP 
CHEMICAL  PHENOMENA. 


OP  ATTRACTION. 


OV  TBS  ATTRACTION  OF  AOGEEOATIOV. 
—  CHXlflCAL  ATTRACTIOV  OR  AFflNITT. 


OF  REPULSION,  AND  THE  POWERS 
BY  WHICH  rr  IS  PRODUCED, 


Of  CALORIC. 

—  IIOHT. 

—  ELECTRICITY  AND  GALVANISM, 


Vol.  I.  B 
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PART  IL 

OF  THE  CHEMICAl.  PROPERTIES  AND  RELATIONS 
OF  INDIVIDUAL  SUBSTANCES. 


OF  ATMOSPHERIC  AIR  AND  ITS  PRINCIPLES. 


OF  TRB  CONSTITUTION  OF  THE  ATMOSPHERE. 

OXYGEN. 

NITEOOSN. 

-  ATMOSPHERIC  AIR. 

-^  THE  CHEMICAL  AGENCY  OP  OXYGBV    IN  ITS  PURR 
70RM,  AND  AS  IT  EXISTS  IN  ATMOSPHERIC  AIR. 

OF  WATER  AMD  ITS  BASE. 


OF  HYDROGEN. 
**-  WATER. 

OF  ALKALIS  AND  THEIR  BASES^ 


OF  AMMONIA  AND  ITS  BASE. 
*   —  POTASSA  AND  ITS  BASE. 
— «  SODA  AND   ITS  BASE. 


nrfWHMicnoire  !• 


OF  BAaras  ANt>  their  babes. 


OF  BAKTTUAVD  ITS  MABB. 

8TK0HTITES  AlTD  ITS  BASE. 

-^  LIMB  AVD  m  BASS. 

ABOIL  ABD  m  BASE. 

*^  MAOraSTA  ABB  ITS  BASfl. 
8ILEX  AND  ITS  BASE* 

-—  ZIRCON  AND  ITS  BASE. 
-—  OLUCUfE  AND  ITS  BASE. 

ITTBIA  AND  ITS  BASE. 


OF  ACIDS  AND  THEUt  BASES; 


oir  Nixmc  AJCiD  A,TsiJ>  m  ba8e« 

OF  VITBIC  ACID* 

—  NITROUS  ACID. 

—  FflAIC  OXiDB. 
NITROUS  OXIDE. 


Twr^F-"***^w#-*"^^""»  ■  ■     "■   ' 


Of  8VXFHURIC  AfilD  ABID  IXS  BASE. 

OF  SULFBUB. 
—  SULFBURIC  ACID. 
.      — «  SULFBUROUS  ACID. 

-if-  SULFfiU RETTED  BYDROGEN. 
«-  SULFBURETTED  AND  BTDRO-StTLFBV- 
RETTED  ALKALIS  AND  BABTBS. 


niTBODITCTIOK. 


or  CAftBOVlC  AGIB  AMD  ITS  BASK. 

or  CAEBOsr.  - 

—  cAKBovic  Acny. 

CAABOBIC  OXIDE. 

—  CABBURBrTBD,   ABB   OXT-CABBVRBTTE» 

HTDBOGBB  OASIS. 

—  OABBDRBTTBD  SULFBVB* 


OF  PHOSPHORIC  ACID  AND  ITS  BASB* 
OP  PHOSPHORUS. 

*  ■ 

—  PHOSPHORIC  ACID. 

PHOSPHOROUS  ACID. 

PHOSPHURETTED  HTDROOBB. 

—  PHOSPHUKETTED  SULPHUR. 


OF  MURIATIC  ACID  AMD  ITS  BASE. 

OF  MURIATIC  ACID. 

OX Y MURIATIC  ACID. 

IITPER-OXT MURIATIC  ACID. 


OF  FLUORIC  ACID  AND  ITS  BASE. 


OF  BORACIC  ACID  AND  ITS  BASE. 


WTBOBUCTIOK. 


SI 


OF  METALS. 


OV  GOLD. 

SILVER. 

PLATIVA. 

—  IRIDIUM. 

OSMIUM. 
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PART  L 


OF  THE  GENERAL  FORCES  PRODUCTIVE  OF 
CHEMICAL  PHENOMENA. 


3^1  iHE  powers  whidi  operate  in  producing  chenoical  at* 
"^  tion,  are  that  species  of  attraction  which  is  exerted 
et  inaensihle  ditduiQes  between  the  particles  of  mattert 
canaing  them  to  pass  into  new  arrangements  and  new 
^mbinations,  and  certain  forces  of  repulsion)  by  which 
this  attraction  is  counteracted,  and  these  arrangementa 
and  combinations  are  modified  or  subverted.  In  proceed* 
ing  to  the  consideration  of  these  general  forces,  the  nost 
natural  method  appears  to  be  to  place  first  the  doctrines 
of  attraction,  and  after  these  to  consider  the  operation  of 
its  antagonist  powers* 

There  is  some  difficulty,  it  must  be  admitted,  in  con- 
sidering the  general  doctrines  of  Chemistry  before  its  par- 
ticular details  $  for  as  these  doctrines  are  inferred  by  gene- 
ralization firom  individual  &cts,  the  former  cannot  be 
thoroughly  understood,  or  ^their  evidence  clearly  per- 
ceived, while  the  latter  are  unknown.  Hence  some  Che- 
juists  have  proposed  to  reverse  this  method.    But  the  di£-* 
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ficully  18  in  reality  one  unavoidable  in  either  mode  of  or-'  i 

jrangement  y  for  it  is  equally  impossible  to  give  the  chemi- 
cal history  of  a  single  substance,  without  supposing  a  pre- 
vious  knowledge  of  the  general  phenomena  and  lawB  of 
diemical  combination.  In  balancing  the  advantages  of 
these  methods^  the  first,  it  appears  to  me,  will  still  daim 
the  preference.  It  is  possible  to  illustrate  the  general  lawa 
of  chemical  action  by  examples  fix>m  substances  familiarly 
known,  or  which,  though  unknown,  are  equally  adapted 
to  convey  illustrations  of  abstract  truths ;  and  these  lawa 
being  established,  they  may  be  developed  and  explained 
more  minutely  from  the  mutual  actions  of  indiyidual  sub- 
stances, while  the  history  of  these  substances  is  given  with 
more  advantage,  and  can  be  rendered  more  oomplete» 
when  the  general  doctrines  have  been  previously  deUver- 
edi  There  can  scarcely.be  a  heavier  task,  or  one  mere 
calculated  to  damp  the  ardour  of  study,  than  to  have  to 
acquire  the  insulated  &cts  of  a  science,  unenlightened  by 
any  knowledge  of  the  principles  which  unfold  their  reb^ 
tions. 


i 
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OF  ATTmACTIOH*  S5 


BOOK  L 

OF  ATTRACTION* 

Attractioh  is  a  term  employed  in  phibMophical  lan^ 
guage  to  denote  that  power  or  force  by  ndiich  the  masses 
or  particles  of  matter  have  a  tendoicyto  approach  to  each 
other,  and  to  enter  into  mcnre  or  less  intimate  contact  or 
union.  Difierent  qiecies  of  attraction  have  been  obser-* 
V6d>  which  give  rise  to  difierent  phenomena,  and  operate;^ 
so  far  as  can  be  traced,  according  to  different  laws. 

The  attraction  of  gravitation  is  exerted  at  sensible,  and 
often  at  immense  distances,  and  between  masses  of  the 
greatest  size :  its  forc^  according  to  the  law  demonstrated 
by  Newton,  being  directly  as  the  mass  or  quantity  of  mat- 
ter, and  inversely  as  the  square  of  the  distance.  The 
magnetic  and  electric  attractions,  though  th^  give  rise  to 
peculiar  dasses  of  phenomena,  so  Su*  coincide  with  the  at* 
traction  of  gravity,  as  to  cerate  at  sensible  distances,  and 
on  masses  of  matter,  and  even,  as  has  been  attempted  to 
be  demonstrated,  according  to  the  same  law. 

Besides  these,  a  species  of  attraction  is  exerted  between 
the  particles  of  matter,  and  at  distances  generally  insensi- 
ble. This  force,  when  exerted  between  particles  of  the 
same  kind,  is  named  the  Attraction  of  Aggregation  or 
Cohesion :  when  exerted  between  particles  of  differwk , 
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kindst  it  is  denominated  Chemical  Attraction^  or  Cheiai- 
cal  AfiBnity.  Both  are  concerned  in  the  production  of 
chemical  phenomena^  and  the  latter  is  the  force  on  which 
an  the  combikiations  of  matter  depend. 

Both  have  been  supposed  tp  be-ultimately  the  same  power  ; 
the  differences  in  the  results  of  their  operation  being  re- 
ferred yn)]i  much  probabilily  to  the  difference  of  the  paiv 
tides  on  which  they  c^erate ;  aggr^ation  uniting  particles 
of  a  similar  kind>  and  therefore  producing,  in  each  caset 
an  aggregate  possessed  of  similar  properties  ;  while  chemi- 
cal attraction,  combining  particles  of  different  kindS)  must 
give  rise  to  products  in  which  some  modifications  of  pro- 
perties must  be  the  result.  It  has  even  been  contended* 
that  both  of  these  are  only  modifications  of  that  more  ge» 
neral  foroe  which  is.  exerted  at  sensible  distances  betwe^k 
the  masses  of  matter ;  and  the  apparent  differences  in  the 
laws  which  regulate  their  action  from  those  which  gravi- 
.lation  observes^  have  been  ascribed  to  curcumstaaoes^ 
which,  in  the  one  case,  operate  powerfiilly,  while  in  the 
other  they  can  have  little  effect*  In  the  operation  of  con* 
tiguous  attractions,  V  the  figures  of  the  particles  of  bodies 
must,  it  has  been  conceived,  have  an  important  influence; 
while  the  figures  of  masses  of  matter,  operated  on  at  great 
distances,  can  give  rise  to  no  appreciable  result.  *'  Con- 
sidering the  vast  distance,"  says  Bergman,  "  we  may  ne- 
(^ect  the  diameters,  and  look  upon  the  heavenly  bodies,  in 
most  cases,  as  gravitating  points.  But  contiguous  bodies 
are  to  be  regarded  in  a  very  different  light ;  for  the  figure 
and  situation,  not  of  the  whole  only,  but  of  the  parts,  pro* 
^Boe  a  great  variation  in  the  effects  of  attraction.  Hence 


09  AOOBEOATION^  &C. 


«7 


>^paiitit2ei»  which  in  distant  attractions  might  be  negkcU 
^,  modify  the  htwB  of  oontiguotu  attraction  in  a  consider* 
able  degree." 

This  question  is  one  which  we  soarcely  can  detennine, 
once  we  are  unable  to  estimate  the  Ibrce  of  those  modify- 
ing drcmnstances  which  may  exist  ^  and  the  laws  by 
which  these  attractions  act,  instead  of  being  deduced  from 
any  assumption  ctf'the  kw  of  gravitation,  must  in  the  pre- 
sent state  of  the  science  be  infierred  frmn  observation  and 
experiment. 


CHAP.  L 


OF  THS  ATTaACmON  OV  AGGBEGATIOK  OR  COHSSIOH* 


AooBSOATmK  has  been  defined,  that  power  which  un- 
ites particles  of  a  similar  kind.  We  perceive  its  action 
exemplified  in  a  solid  mass  of  matter^  the  parts  of  whidh 
cohere  with  a  certain  forcei  whkfa  resists  any  mechanical 
action-tkat  would  produce  dieir  separation,  and  which,  in 
difierent  bodies,  is  exerted  with  very  diflerent  d^^rees  of 
strength.  In  liquids  it  sppears  to  be  weaker,  or  the  parts 
are  disjoined  with  much  more  fiujlity :  and  in  substances 
existing  in  Ae  aerial  form  it  is  entirely  overcome,  the  par^ 
fides,  implead  of  attracting,  repelling  each  other.  Bodies 
exist  therefore  in  liie  solid,  the  liquid^  and  the  aenSwrm 
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state,  according  to  the  force  with  which  the  attraction  of 
aggregation  is  exerted  between  their  particles,  and  jt  ia 
this  attraction  which  unites  these  particles  together. 

Aggregation  in  bodies  is  weakened  or  overcome  by  two 
causes;  by  the  repulsion  communicated  by  heat,  (h*  by 
the  attraction  whidi  may  be  exerted  by  the  particles  of 
one  body  to  those  of  another. 

Heat  communicated  to  a  solid  body  separates  it9  par- 
ticles to  greater  distances,  a&  is  evident  from  the  enlarge- 
ment of  volume  which  it  produces.     By  thus  increasiiig 
the  distances,  the  force  with  which  the  attraction  <^  ag- 
gregation 'is  exerted,  is  weakened :  if  the  application  of 
heat  be  carried  to  a  sufficient  extent,  it  is  so  &r  weakened 
that  the  body  passes  into  the  liquid  form ;  and  if  carried 
atiU  farther,  the  attractive  force  is  entirely  overcome,  re- 
pulsion is  established  between  the  particles,  and  the  body 
passes  into  the  aeriform  state. 

The  same  effects  are  produced  by  the  exertion  of  that 
attraction  which  unites  the  particles  of  one  body  with  those 
of  another.     If  a  liquid,  for  example,  is  poured  on  a  solid 
substance,  it  often  happens  that  the  attraction  exerted  by 
the  liquid  to  the  solid  is  sufficiently  powerfid  to  subvert  the 
cohesion  of  the  solid ;  its  particles  are  disunited  to  combine 
with  those  of  the  liquid,  the  solid  diminishes  in  size>  and 
at  length  entirely  disi^ears.     This  forms  the  chemical 
process  of  Solution.    A  similar  effect  is  sometimes  produ- 
ced by  the  chemical  acticm  of  an  aeriform  fluid ;  and  in 
some  cases  the  mutual  attraction,  even  of  two  solids,  i$ 
such  as  to  diminish  the  power  of  cohesion  so  far  as  to  ad^ 
mit  of  their  union,  and  their  transition  to  a  liquid  state. 
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.  "When  these  powers,  whether  of  heat  or  of  chemical  at- 
traction, are  withdrawn,  cohesion  resumes  its  force  \  but 
with  results  which  are  different,  according  to  the  circum- 
stances^under  which  this  happens. 

When  the  attraction  of  aggregation  is  suddenly  exert- 
ed, and  with  considerable  force,  the  particles  are  united  in 
general  indiscriminately,  and  according  to  no  r^ular  law. 
If  a  body  which  has  been  melted  is  suddenly  cooled  to  a 
sufficient  extent,  it  becomes  soUd,  without  its  particles 
being  united  in  3uch  a  manner  as  to  produce  any  regular 
structure  or  form.  Or  if  its  cohesion  had  been  suspended 
by  the  chemical  attraction  exerted  by  another  -body  U^ 
wards  it,  and  if  this  attraction  suddenly  cease  to  operate, 
the  force  of  cohesion  is  resumed,  and  tlie  solid  substance 
appears  usually  in  the  form  of  a  powder.  This  latter  case 
forms  the  chemical  operation  of  Precipitation.  A  similar 
result  is  obtained,  when,  in  consequence  of  chemical  com- 
bination, a  substance  is  rapidly  formed,  between  the  parti- 
cles of  which  the  attraction  of  aggregation  is  exerted  widi 
considerable  force. 

But  if  the  attraction  of  aggregation  is  exerted  more 
slowly^  the  particles  qn  which  it  operates  are  united  not 
indiscriminately,  but  usuaOy  with  regularity,  so  as  to  form 
masses  of  regular  structure  and  figure,  bounded  by  plane 
8ur&ces  and  determinate  angles.  This  forms  the  opera- 
tion of  crystallization,  and  suqh  masses  are  denominated 
Crystals. 

Crystallization  may  take  place  either  from  a  state  of 
fluidity  produced  by  heat,  or  fi'om  a  similar  state  produ- 
ced by  the  exertion  of  a  chemical  attraction.     Of  the  first 
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*  we  have  examples  in  ice»  whidi  diooU  in  long  8leiiderc9[3^ 
stab,  when  water  is  cooled  to  a  sufficient  extait»  and  aba 
in  a  number  of  the  metals  which  have  been  melted,  and 
then  subjected  to  slow  cooling.  Of  the  seocmd  we  haive 
examples  in  many  saline  substances,  whichi  when  they 
h^ve  been  dissolved  in  water,  concrete  in  crystals,  whi» 
part  of  that  water  has  been  withdrawn  by  evi^poration,  or 
when  its  solvent  power  is  diminished  by  a  reduction  of  ila 
temperature.  In  any  of  these  cases,  if  the  operation  k 
conducted  slowly,  so  as  to  adtaiit  of  the  particles  anitiag 
by  those  sides  most  di^osed  to  union,  crystals  are  formed^ 
and  these  are  in  general  larg^,  more  transparent,  and 
more  regular  in  their  form,  the  slower  the  csrystaffizBtMMi 
has  been  allowed  to  proceed. 

The  production  of  these  regular  forms  is  &voiHred  fay 
afibrding  a  nucleus,  firom  which  t}ie  crystallization  masj 
commence;  and  still  more  so,  if  this  nucleus  is  of  the  same 
matter  as  the  substance  to  be  crystallized,  and  is  of  a  iw^ 
gular  figure :  and  on  this  is  founded  a  method  of  prodofi- 
ing  crystals  of  great  regularity,  and  of  large  size* 

The  access  of  the  air  has  likewise  an  influence  on  cxy-^ 
stallization  ;  a  solution  of  a  salt,  for  exan^Ie,  which  has 
been  inclosed  while  hot  in  a  vessel,  from  which  the  air 
has  been  in  a  great  measure  expelled,  not  crystaflinnig 
when  cold,  but  shooting  into  a  ccmgeries  of  crystakf  the 
mom^it  the  air  is  admitted.  The  sudden  admission  of 
the  air  appears  to  operate  by  the  pressure  it  exerts  cm  the 
surfiice  of  die  liquor,  causing  the  approximaticm  of  the 
particles  of  the  dissolved  solid,  iH^ience  the  exertion  of  the 
attraction  of  cohesion  is  &voured  i  and  bonoe  any  efuivar 
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knt  praNmre  sfqiKed  in  a  similar  maimer  has  the  same  ef- 
fect. 

In  thia  auddoi  crygtalK^alion,  it  wery  wdl  diflpkyed  a  * 
phenameanon,  which  ahrays  attends  this  process^  the  evo- 
hition  of  heat. 

An  aalargement  of  v«dume  is  often  firodaced  by  cry- 
atallisation,  as  m  the  examfde  of  ice,  of  several  metals^ 
and  of  a  number  of  salts ;  while,  in  other  cases,  the  te* 
verse  is  the  case,  the  volimie  of  the  crystallized  substance 
being  kss  dian  while  it  eicisted  in  the  liquid  state. 

Crystals  feimed  from  a  watery  solution,  generally  retain 
a  peition  of  water  in  a  combined  state.  This  is  named 
flieir  water  of  crystalKgation  :  when  deprived  of  it,  they 
lose  their  transparency  and  density.  Some  part  with  it 
from  mere  ^gpoaore  to  the  air,  and  sufPer  these  chaiiges^ 
thq^  are  then  said  feo  effloresce :  if  iihey  attract  water  aait 
Vecome  Imnid,  they  are  said  to  ddiquesce  i  but  these 
properties  of-  eflovesccnoe  and  deJicpieacence  are  rebi^ 
eke,  and  dq>eiidm«dk  on  die  state  oftfaie  atmosphere  with 
regard  to  iHODddity. 

By  the  process  of  ciystalligatinn,  substanocft  may  often 
be  obtained 'separate  which  esdst  in  the  same  solutioh.  If 
rnie  is  jess  sohiUe  than  the  otter,  it  wifl  after  a  certain 
«actient  of  evaporation  crystallize,  while  the  other  remains 
dissohred,  and  m^  be  obtained  hy  ^  subsequent  evapora* 
tkm  :  Or,  if  one  |i  n)ore  sokbk  in  hotthan  in  cold  water, 
wUle  the  other  is  neatly  equally, soluble  in  either  state^ 
die  one  wfll  be  obta&ied  by  crystallization  when  the  liquor 
has  oodbdj  while  the  other,  wfien  the  necessary  degree  of 
eRraporatbn  has  takeii.{daee,  may  sqparate  while  the  aolor 
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tion  18  hot*  The  mutual  attraction  of  sabstances  duacA* 
ved  togetheri  8ometimes»  however,  counteracts  their  07- 
*  stallizadoD,  or  causes  each  to  oystalliae  widi  -some  infeer- 
mixture  of  the  other ;  and  this,  too,  alters  the  dystaBme 
forms  which  either  is  disposed  to  assume. 

Crystallization  sometimes  takes  pkce  in  the  transition 
from  the  aerial  form,  as  is  well  exemplified  in  the  arrange* 
ment  of  a  flake  of  snow. 

Eveiy  substance  in  crystallizing  is  disposed  to  assume  a 
certain  r^[ular  figure ;  sea  salt,  for  example,  assumes  the 
form  of  a  cube;  nitre,  that  of  a  prism.  This  figure,  how- 
ever, is  not  invariable,  but  is  liable  to  be  modified  by 
circumstances,  and  the  same  substance  is  therefiMre  found 
nnder  different  crystalline  forms. 

The  theory  of  crystallization  is  still  obscure.  Tlie  par- 
ticles of  bodies  may  be  of  certain  regular  figures,  and  in 
uniting,  these  particles  may  be  disposed  to  i^iproaoh  by 
certain  sides  in  preference  to  others,  pn»babfy  by  Aoae 
which  admit  of  the  most  extensive  contact.  Hence  a  re- 
gular structure  and  figure,  uniform  widi  regtfd  to  each 
substance,  tnay  be  produced. 

The  mechanical  structure  of  crystals  has  been  intesti- 
gated  with  much  labour  by  Hany.  He  has  shewn  tkaA  in 
every  crystallized  substance,  whatever  may  be  its  actual 
form,  there  is  a  nucleus  of  a  determinate  figui^t  and  whidiy 
by  mechanical  analysis,  that  is,  by  ^htting  the  actual 
crystal  according  to  its  natural  joinings,  may  be  eoctracitdd. 
This  nudeus  or  primitive  form,  he  has  shewn,  is  oonstaiit 
.with  regard  to  each  substance,  however  various  the  actual 
forms  of  its  crystals  may  be ;  and  he  h$»  fiirther  eq>lain- 
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ed,  how,  by  addMons  of  paltides  to  this  nudais,  accord* 
ing  to  certain  Iaw«»  these  secondary  fbnmi  may  be  produ- 
ced. The  devdofHnent  of  this  theory,  howe^etf  recpax^ 
ing  ektensiTe  delaik,  and  bdoig  not  strietfy  elementaiy,  I 
insy  refer  for  the  statement  of  it  to  my  System  of  Oie» 
mistry. 


CHAP.  II. 


OF  CHEMICAL  ATTRACTION  OB  AFFWITT. 


Chbmicai*  attraction  ia  that  &rce  by  whkh  die  panicles 
of  diftxent  fajodies  are  united  intimatd^,  fenaang  not  a 
mm  aggregate  or  mixture,  but  a  substance  in  which  new 
quaiitiea  are  aoqiaired,  the  prcqierties  of  the.  bodies  com- 
bined bekig  nyire  or  kas  changed  The  term  affinity  has 
been  used  to  denote  the  samg  power/  from  an  opsmion; 
thai  some  peculiar  rdadon  or  reaembkuice  exists  between 
those  bodies,  which  are  most  dkfpcmsA  to  exert  this  mn«> 
taal  attractive  fioorce  i  and  the  tenn,  though  derived  from  a 
groimdlsne  hypothesis,  may,  without  any  reference  to  its 
oi%in,  be  convenbi^y  used  as  qmonymous  with  chemical 
altiractjon« 

The  immediate  result  of  the  exertion  of  chemical  at- 
tra^lioii  between  two  bodies,  is  the  iiUimate  union  or  assi- 
milation of  their  particles,  so  as  to  form  a  homc^neous 

Vol.  I.  C 


9^  ()B  opwuiCA]:.  AVnbMmoii 

flUMu    ^Hua  Kfiflilt  M  ID  rhfiffil  lanmnofi  THU^iurf  £bsH 

thf?  pi^rtiGl^  h0W9^^  untimi^]^  tbcgr  nniy  b«  Weadf^ 
ffSk  ^f^  vpartf,  s0  thiit  thfi|f  are  c^pohW  erf*  l)^^  i^^oc^ 
8iae4>  wd  of  faeiog  ^qHurated  by  aiediamcal  c^parHtiaii% 
md  retain  dieir  properties  unimpaired*  It  is  alsot  tp  It? 
distingiiished  from  Aggregation,  which  is  only  the  nmcm 
of  particks  da  similar  kind>  forming  an  aggregate  which 
has  the  general  properties  of  the  particles  <^  which  it  is 
composed^  whatever  may  be  its  mechanical  structore  or 
form* 

The  substance  formed  by  chemical  combinatioa  ia 
named  a  Compound:  the  substances  of  which  it  is  com* 
posed  are  its  Component  or  Constituent  Paris  or  Princi^ 
pUs»  When  these  are  separated  from  their  state  of  com^ 
hjna^iop,  the  procesa  is  named  Deempoation.  IfdeodD^ 
poaitioii  has  bqeft  pavfomied  more  peculiar^  with  the 
mw  of  disoavering  the  compositicm  of  a  bodjr»  itisnikiied 
CiemicalJnai^s*  If  the  decompoaed  sabstanoe  is  reprcH 
doced  fay  the  union  of  its  constituent  parts,  the  operation 
ia  dfiiominattd  Chemical  Sj^ntiesis.  The  Integrate  partis 
cfei  of  a  body  are  undentood  to  be  the  most  minute  parts 
into  which  it  can  be  resolved  without  deconmositioni  dttv 
ssBtoSixmnt  aimilar  to  cadi  other,  and  to  die  substance 
whi<A  they  form*  Hie  Canstituehi  partideSf  agaiat  are 
those  into  which  it  is  resolved  by  decoaiposition,  which 
are  therefore  of  a  different  nature,  both  with  regard  to 
tile  sttbstanoe  itsdf,  and  with  regard  to  ea^  odier.  It  is 
between  these  that  chemical  attraction  is  exerted,  wUk 
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aggregation  is  conceived  to  be  exerted  between  the  inte- 
grant particles  of  bodies. 

The  theory  of  chemical  attraction  is  still  far -from  ha- 
ving attained  perfection,  though  it  has  been  the  subject  of 
much  investigation.  Newton,  as  has  been  already  stated^ 
suggested  the  idea,  that  the  phenomena  of  chemical  com- 
bination and  decomposition  might  be  o#ing  to  an  ottrac- 
tion  exerted  fietween  the  particles  of  bodies,  imdvaiyk^ 
in  its  force.  His  view  was  soon  adopted  by  dieunsts. 
I9i6  elder  Geoffiroy  endeavoured  to  ascertain  the  relative 
degrees  of  strength  with  whidh  attraction  is  exerted  &» 
mong  bodies,  and  gave  the  results  under  the  form  dTa  ta» 
ble.  The  subject  continued  to  be  prosecuted,  until  a  num- 
ber of  observations  more  or  less  exact  were  accumulatedf 
whid^  Beigman  reviewed,  and  placed  in  a  d§arer  light.  - 
And  more  recently  Berthollet  has  by  his  researches  e3(- 
tended  the  theory  of  affinities,  and  presented  views  with 
tegfucd  to  it  extremely  important,  and  very  different  froni 
those  which  had  been  considered  as  established. 

From  these  prdiminary  observfitions  and  defipitions^ 
we  nuiy  proceed  to  the  more  fiiB  statement  of  the  doctrine^ 
of  chemical  attraction,  generalizing  these  as  far  as  the 
present  state  of  our  knowledge  admits. 
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SOECC.  h-^^Qfthe  Phenomena  which  arise  from  the  exertion 

of  Chemical  Attraction. 

The  immediate  result  of  the  exertion  of  chemical  fl$- 
traction  between  bodies,  is  their  intimate  imion  or  con»* 
binationy  and  the  most  general  phenomenon  attending 
thi^  omibination  is  «t  change  in  the  properties  c^  the  bo- 
dies combined*  The  secondary  qualities  of  bodies,  de- 
pending on  the  peculiar  arrangements  of  their  particles,  it 
is  easy  to  conceive  that  when  these  arrangnnents  are  sub- 
▼erted»  the  properties  must  be  altered,  and  that  in  the 
formation  of  a  new  substance  new'  qualities  must  be  ac^ 
quired# 

Chemical  combination  is  accordingly,  in  general^  at- 
tended with  veiy  striking  changes  of  properties  f  so  strik- 
ing, indeed,  that  we  can  seldom  infer  with  certainty,  from 
our  knowledge  of  the  properties  o£  any  body,  what  will  be 
the  properties  of  the  compound  it  forms  when  united  with 
another. 

Still  the  entire  change  of  properties  from  combina^tion, 
is  not  an  invariable  result.  There  are  many  cases  in 
which  they  are  only  modified;  and  in  some  cases,  as  for 
example  in  the  combinations  of  salts  with  water,  so  sL'ght- 
ly  so,  that  there  is  scarcely  any  evident  change,  but  change 
of  form* 

Berthollet  has  proposed  a  view  of  this  subject,  which  in 
some  measure  reconciles  these  apparently  opposite  results. 


OB  AFFIKITT. 


S7 


The  pnfiertiet  of  bodiea,  he  suppoMBy  would  abrays  re* 
main  in  iiieir  oombfaiation^  but  for  certain  causes  foreign 
to  the  combination  itself,  by  which  they  are  modified,  and 
in  some  cases  entirely  disgwsed*  Thus,  Aere  are  proper^ 
.ties  which  are  incompatible,  difPerent  tastes  or  colours^ 
Ibr  example,  which  cannot  exist  togedier,  and  which  must 
therefore  neutralize  or  modify  each  olh^^.  From  the  ap- 
proximadon  of  the  particles,  whidi  is  the  effect  of  oombi* 
Bation,  changes  must  be  produced  too  in  the  secondaiyqua- 
lities  dqiending  on  their  arrangement*  The  same  cause 
must  give  rise  to  modifications  of  chemical  properties ;  for 
if  in  consequence  of  this  approximation,  much  cohesion  is 
acquired,  this  must  counteract  the  affinities  of  the  princi^ 
pies  of  the  compound,  and  of  course  render  its  action  less 
energetic :  and,  on  the  other  hand,  if,  by  the  condensation 
attending  fjiemical  unioD,  the  bodies  uniting  hare  parsed 
from  the  lieriform  0tate  to  the  Ikjuid  form,  this,  by  reuMV 
ving  the  obstacle  which  elasticky.  apposes  to  their  chemi- 
cal action,' may  facilitate  that  action,  and  render  it  more 
extensive  and  powerfiiL  Lastly,  the  diminution  which  is 
produced  by  the  reciprocal  force  itself  that  unites  two  bo* 
dies,  in  the  affinities  which  either  of  them  mevi  to  others^ 
must  cause  tlic  chemical  action  of  compounds  to  be  in  ge- 
neral weaker  than  that  of  their  constituent  principles^ 
though  this  may  in  certain  cases  be  modified  by  the  other 
causes  which  operate.  Thn$  we  perceive,  that  notwith- 
standing the  changes  that  attend  combination,  the  theory 
may  be  just,  that  the  properties  of  bodies  combining,  en** 
t^r  with  them  into  the  combination,  and  would  always  be 
discoverable  ip  the  compound,  were  it  not  for  the  opera* 
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tkwi  of  modHyiug  ommiistaidei.  Aad  we  derirs  the  itdo^  - 
yMA  in  gcaeral  will  be  foond  to  Iiold  tniei  duit  wlwve 
teergetic  affinitiei  ase  (cterted,  or  where  ■tthrtanowlMwiiiy 
oppoung  propoitiei  tfe  combined,  the  ptopcrtiea  wiii  be 
meteeiflUy  cheHged  $  but  when  the  affinity  is  not  powwp- 
talf  and  theraibre  the  combination  not^eiy  intiaiatef  or 
where  the  siibstances  combined  ore  such  as  i^;ree  in  die 
general 'anfembiage  of  thor  qualities,  the  properties  of  the 
compound  will  not  be  vmj  remote  ftom  those  of  its  wtmet 
active  ingredient,  or  firom'the  mem  of  those  of  its  const!  • 
tufflit  parts.  Evexk  in  very  intimate  ccwibiniftiMKt  we^oan 
often  traoe  fte  properties  of  compounds  from  those  of 
thdbropmponent  parts;  as,  for  example,  the  high  reiraetrre 
power  of  water,  firom  its  inflammable  mgfedient,— -n  pra- 
perty  wUch  led  Newton  to  lalm  sing«dariy  snntip.  oonjee* 
tbre^  thatit  contains  an  ingredient  of  that  nature. .  The 
emnparadve  volatiiity  of  compound  Saks,  whi^  ase  form* 
ed  ef  principldi  disposed  to  aasume  ike  dastic  form,  sf- 
fbtdi  a  simihor  eiuonide. 

In  those  combinations  in  which  the  changes  of  proper* 
ties  are  least  c<m^eratie,  there  is  generally  one  change 
to  be  discovered  to  a  greater  or  less  extent,  and  wUcb  may 
even  be  regaarded  as  a  test  of  chemical  onion,— a  change  of 
density,  the  density  of  the  compound  never  being  the 
mean  of  the  densities  of  its  component  parts.  In  die' 
greiater  number  of  cases  the  density  is  augmented,  and 
sometimes  to  a  great  extent  In  other  cases,  however,  it  is 
diminished,  or  the  volume  is  entarged. 

As  in  chemicid  combination  the  particles  of  two  bodies 
are  made  to  approsdmatej' we  might  expedt  that  ocsiden- 


vjous  how  enbrgement  of  Tolnme  ahoiild  tometiiBitt  bir 

|IIOulMMb      iMatiMlfct  Has  Yefy  wCn  CKpimiBO  tOflfc      AM 

immcdbM  abet  of  ^DwbfaMiM  is  hk  €iVflry0M6  oondiiiiA^ 
tkm)  b«tif  AecoDMliieReeof  AeeMdriii^^ 

liie  enktfgemnt  of  voluM  lASe^  dik  dudig^  of 

Bum  muf  more  ihui  &mMtiAdtitiM  (te  otNttdaMitioit 
arDBi  uie  ooffibBUiitioii ;  tt&fl'attiic6^  ^ti  tm  jyhwfty  oiUmm* 
tin  of  denrffy  trifi  be  the  ra^  ft  b  MOMdingljr  M* 
ones  of  <iteioii>  or  wheie  a  9cM  bocfy  ii  actdtf  on  by  ii 
fiqrady  80  ai^  Urbe  bioli^t  into  Aeliiioiditafces  th«t  the 
eoiDoeplioiili  to  the  tnore  gMeral law  sM  ItmoM: 

be  addod^  hciwetei*>  Ihat  Acy  tfe  not  aHoigelher'  totdbMl 
to  AaN^  but  that  MM&^fiakte  there  is  dnlaigement  pf  ta» 
hiney  efcn  when  the  coHapo^koA  eotiiCv  in  the  solid  stateji 
IM  in  dM  oemUnalSons  of  ione  of  the  mctalB.  Whaithhr 
hfippeMi  it  is  pnhMy  from  a  OTitaliine  amng<iQM!t» 
which  the  paxtides  of  the  eoKd  asiome  in'beooming  aolidi 
and  is  nnSar  therefore  to  the  increeae  of  Tohune  whieH 
fittoftds  Ae  oongdation  of  various  substances. 

A changeof  tODopentarey  in  other  words  the  prodno- 
tion  either  of  iieat  or  eold^  is,  neact  to  the  dhaoge  of  pn>- 
fwrtiesy  the  most  important  phenomenon  attending  diemt* 
cal  oombinaiiim.    The  production  of  heat  is  ^  more 

4 

fiieqttent  littnge :  it  is  often  intensey  and  the  great  source 
of  heat  In  the  operationa  of  art  is  chemical  eombmation. 
CM  is  also,  however,  not  unfi^uently  produced.  It  very 
^generally  is  the  consecpenee  of  the  sohidon  of  saline  sub^ 
stances  in  water,  or  in  other  more  activi^  liquids,  an4  '» 


40  OF  CHEHlCAh  ATT&ACTIQN 

•  r 

g^  vaxfife  inlense  in  the  mutiMl  action  of  salts*  and  snow 
or  ice» 

Wherever  a  production  c^heat  is  oiasenraUe  in  chemi- 
cal oombinati<VDi»  we  can  tmce  an  inciieaseddaisi^accoiiw 
panjing  it ;  wd  the  evohitKin  of  heat  may  he  ascribed  to 
^his»  since  we  know,  that  die  ihechanical  condensation  of 

aconiDrenttble.  body  nroduces  heat*  On'  the  other  hasd* 
where  cold  is  produced. in  chwnical  actJon*  tboeisabagni 
an  enlarg^SAent  of  vohime,  to  whidi»  thereibBre»  the  eoid  aai^ 
be  ascribe  But  use  do  not  &|4  thatttfae  prodf^ptjon  ^ 
ther  of  heat  oi;  ctM^  fioaft  dhemiGal  actiftni  is  pimtttiixial 
to  the  incpsfise  or  diminntion  o£  danaity.  4ttowpg,.tl|e 
hitter*  therefoie*  to  be  the  cause  of  the  chaagi^  »Qt  tempe- 
rature* there  must  be  some  other  circnmstance  by  which 
it  is  modifieiL  This  is  the.  change  of  form.  It  ^juflh 
cient^  at  present*  ^  st(B^  that  vij^n  a  body  j>w^  from 
the  aerifqnn  to  the  liquid  stat^  or  ffofa  the  U^piid  to  the 
solid  itatcb  it  gives  out  heat*  and  in  the  of^MWte  cfaaoges^ 
i^bsorbs  it*  in  quantities  not  proportional  to  the  d^gim  in 
which  the  depsity  is  altered  by  the  formi  and  henceaoch 
transitions  of  foi?pi*  yfhexk  they  accompany  chemioal  ao- 
tion*  which  they  frequently  flo*  modify  the  production  of 
heat  or  coldiiWhich  arise  from  the  9oi)4ei^|i<ui  attei^i)g> 
the  combination.  itsel£  By  taking  into  coii8idi^ratjpi|th^e 
two  circums^mcesy  the  production  of  he^l^  or  cold  irq/fk 
cjhemical  action  is  eoqphiiaed  with  more  preci$;^,than  if 
one  of  them  only  were  admitted  in  the  theory ;  wd  there, 
can  be  no  doubt*  that  both*  when  they  occur*  have  a  share 
in  producing  the  change  of  temperature. 
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Sbct.  Ilr— Q^ite  C!OTiBWJ#ffiiffiAy  ttuUoft  ii^  €9evtion  ^ 

I 

OmnciAL  atHMtionu  not  an  uivandQiIeforce^  wl|idis.a9 
eseHed  fay  aiijr  iMd^,  cpcnMi  in  all  ctieswidi  tbe  sanie 
atringtk  Ito. €Kflitipn ia  poawriiiBy  modifed  fajdrciim* 
statHM  feragii  to  it.  Ofthc^^ivecandiatiiictlytiiusetba 
infliiwor  oiqamtitf  of  Matter^-  coheaioPy  inaQhb>lity»  sper 
cific  |pratiqr>  iefflonsaaenpe,  elastieitjrrand  tenqperatore. 

1.  iivAHifTY  ctf  MAREE.  The  discovcry  of  the  in* 
flaeBce<)f  thtt  WliiUiiataDce  weowe  to  Berthoi^  Some 
of  the  fiifCf  from  whidi  it  .has  beoa  infiarred  haii-been 
known  to  chc«uai8»  aind '  in  ike  explanatboB  gitap  of 
these  aoiae  appnauaiations  made  to  tl|e  principle  itself 
Qy  DgadwUet,  however^  i^  haabeen  more  taSfy  developed* 
more  daacfy  demonstrated^  and  more  extenaiirdy  applied. 

The  most  direet  pioof  of  the  law  i«  derived  frofn  the 
fact,  that  a  compound  may  be  decomposedif  a  large  quan- 
tity of  a  sttbatance  exeHiag  an  attraction  to. one  of  its 
prindpkB  be  made  to  actupon  itj  while  from  the  action  of 
a  amallar  qnajiitity  of  thewneBnbataneenodecompoaMtioa 
ensuaa.  Of  tl^a  there  are  many  eicaniples  in  chenriatry^ 
particularly  jnlhe  decimipoBitipns  of  compouQd  «alt|i. 

Another  proof  of  it  is,  that  a  substance  having  an  afl$-  ^ 
nity  to  one  <^  the  principles  of  a  compQund»  conqmEatiTe^ 
ly  weaker  than  the  aflSnily  which,  they  exert  to  each  OtheTi 
can  still  produce  at  least  a  partial  decomposition  of  the 
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eon^oimd,  if  it  be  hrong^  to  act  <m  it  in  itfge  qoattty^ 
the  increase  in  its  quantity  in  aome  measure  compfnaating 
fyt  the  "weakiieM  of  its  alDiiitj^ 

Lastly,  what  is  in  atfftct  eonlbnnity  to  the  aaaae  la«r»  if 
aooBi|M>aidlBSubmittedtotfaeaetiottcf  Aattbstanee,  c&- 
«rtiiig  an  attraction  to  one  of  its  prnidpki»  evm  much 
ttronger  uian  the  aCttaetion  wnen  mimIiis  thattif  aoH  the 
deoompoeition  is  onty  partial,  or  a  pottM  «f  theprtedjale 
aDsoraccea  uj  tat  cmtxwnposwg  aunsiiee  ^waams  vouukmt^ 
ed  wiih  Ihe  ingredient  wkk  wfaieh  Aa  eaeliea  quantitf  of 
it  was  oombitf ed  in  the  ciinipotDd ;  ftri  hi  pnipevtion  as 
Ihe  deoompositfioil  goes  on,  Ae  inereaae  in  Ae  ralatiM 
qoantiflyof  dHit  ingredient  adds  somndi  to  the  (fareaof  the 
attraction  it  exerts  to  the  prmaptfe  sfcstraetittg  fioni  it) 
as  to  be  aUe  to  counterbalance  tfie  attrae^n  ptodndng 
the  decomposition,  and  therefore  to  suspend  its  action* 
Hence  there  is  a  partition  of  the  subatance  attraetod»  be* 
tween  the  two  bodies  exerting  attradions  towards  it;  atad 
tbe  proportions  of  th»  partition  are  detmnftied  as  mucdi 
by  the  differences  in  the  quantities  of  these^  as  by  the  dif* 
ference  of  energy  in  their  afflnitiei. 

FVom  ihese  general  ftcts,  which  mpt  supported  by  nu- 
merous individual  experiments,  BertfaoHet  has  eataUbAnd 
<he  btw,  that  afflnity  is  modifiedby  cpiantity  of  mattei^oiV 
more  precisely,  that  the  diemical  acdon  of  any  body  is 
exerted  in  the  ratio  of  its  affinity  and  quantilj.  it  fa  one 
of  n)udi  importance  in  its  applications^  enabfing  tu  to  ex« 
jA&in  wilh  more  precision  many  oases  of  diemical  omnbi- 
nittion  and  decomposition ;  and  iflustrsting  the  opefntion 
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tsal  attractkm. 

2.  CoHSSiOK.    CohedkHi^  i^  that  foi^ee  by  Which  die  in* 

teg^rmnt  jMCtideB  of  a  bo&j  are  hdd  in  union:  k  must 

therefiMre  coimtemet  the  aetioB  of  my  power,  the  teodenc]^ 

.  of  whidi  is  to  seperaile  these  partkles,  ki  order  to- bring 

them  into  new  airaagOBeiUs  or  contbinfttk>n9.    He&ce'4t 

.powerfi]%  mocKAes  the  exertion  of  o^emieQl  afelraclioa  $ 

and  frcon  thoopposkjon  of  these  two  forces,  in  difSMrent  dfir 

grees  of  energy,  arise  numerous  shades  of  covbtnaMtiai: 

:  more  or  less  intknaie,  te  tiie  ok  ptoedoAsnaites  over  -the 

sillier,  from  the  msire  adhMon  of  the  ejuboeA.eS  bodies,  or 

the  absorption  of  a  liquid  into  the  interstices  of  a  solki,  to 

llieinost  perfeet  cliemical  uBion.    If  oehesion  be  pow^^ 

Saif  a  stnmg  affinky  may  be  eftctiift%^  resMtddy  and  no 

^mfaination  tajke  pkc^  though  tftte  bodies  have-  a  ^txong 

mcippoeal  attraction^  of  *^ich  we  have  many  enfaiapleir  tn 

*  ehemirtry^    If  oehesion  be  inoonsideraMe^  a -weak  sffimty 

may  be  preitomsnant,  and  a  combination  be  eG^ted*  And 

whatever  dinumshes  the«force  of  f^ggregatioU)  favours  the 

exertion  of  chemical  attraeticm. 

'  '  Vrom  die  ua&ience  of  this  drciimstance  in  i^ottnter8ct>- 

.  ing  oitodbinal&)n>  hocUes  in  the  solid  state  seldomaet  chexdi- 

^TtHSj  on  each  other»  whence  the  astiom  wns  -established  in 

.  (Siemistry,  -CorporairUm  ogiM  nisi  sint  tobOa.    To  tiiisr 

'.  there  are  exoeptio&al^  as  m,  the  action  of  various  compound 

-nit»  on. each  other,  producing  mutual  decjcanpoifitifm)' 

though  both  are  soKd»  or  in  i^  action  of  some  of  these 

saks-on  ioi^  ori^nov,  otrea  at  i9sry  low  temp^arturcs.    Y^ 

stiD,  In  general,  fluidity  is  necessary  to  chemical  action ;  and 
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if  Bot  possessed  by  either  of  the  bodiea  which  are  dengo- 
ed  to  act  on  each  other,  it  is  necessary  that  it  should  be 
communicated*  either  by  the  application  of  heat»  or  by  the 
previous  operation  of  a  solvent*  Hence  fusion  and  solur 
tion  are  the  common  media  of  chemical  actioii* 

Cohesion,  existing  in  liquids  to  a  certain  extent,  may 
^unteract  their  mutual  attraction  where  this  is  weak, 
though  in  general  the  resistance  it  opposes  is  so  incon- 
fiidcrable,  that  liquids  combine  readily,  and  in  all  propor- 
tions. 

To  these  views,  with  r^^ard  to  the  effect  of  cohesion  on 
combination,  Berthollet  has  added  some  others,  more 
novel,  and  equally  important  He  r^ards  it  not  mere- 
ly as  a  quality  of  bodies  actually  solid  (or  remaining  in  a 
slight  degree  in  liquids)  resisting  the  exertic^  of  i^ilinity^ 
and  ceaaing  to  act  when  solidity  is  destroyed  i  but  as  a 
fi)rce  which  continues  to  <^erate  when  it  has  been  appa-^ 
rently  overcome,  or  when  its  effects  are  not  sensible,  and 
which,  by  a  progression  in  its  action,  may  at  length  in- 
fluence combination.  It  may  be  suspended  by  a  superior 
affinity,  or  by  the  agency  of  heat  ^  and  its  energy  may  be 
«o  far  subdued  as  to  appear  negative }  but  still  it  continues 
«o  £ur  active,  that  if  the  forces  by  which  it  was  weakened 
are  diminished*  its  action  will  be  exerted  even  before  soli- 

dity  takes  place,  ^nd  will  coupt^ract  affinity.     Or  i^  in 

• 

consequence  of  hew  affinities,  combinations  are  produced, 
it  may  determine  the  proportions  in  which  the^  elepfients 
are  combined ;  for  being  exerted  between  the  integrant 
particles  l^esulting  from  the  combinatioiu  whenever  its  in- 
tensity is  sufficiently  powerful  to  counterbalance  the  affini- 
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iy  of  the  liquid  in  wKich  these  are  fetmed,  it  wiB  give  rii 
to  precipitation  or  crjrstallizatloni  will  of  course  withdraw 
the  substance  formed  from  the  sptiere  of  action^  will  op* 
poee  an  obstacle  to  any  further  exertion  of  chemical 
power,  and  by  such  operation  may  determine  the  pro* 
portions  of  the  combination.  Tliis  effect^  resulting  from 
cohesion}  will  require  to  be  stated  more  fully  in  consider* 
ing  the  limits  to  the  exertion  of  attraction. 

3.  Insolubilitv*  This  property  is  merely  the  effect  of 
-cohesion  in  a  solid^  considered  in  relation  to  the  liquid  in 
which  it  is  exerted^  and  of  course  itB  operation  is  similar. 
It  opposes  a  resistance  to  the  exertion  of  any  attraction 
towards  the  body  possessed  of  it,  and  it  is  an  obstacle 
to  the  progress  of  combination,  beyond  that  stage  at 
which  the  insolubility  withdraws  tlie  substance  formed 
from  the  sphere  of  attraction.  It  equally  favours  deoom** 
position,  when,  in  consequence  of  it,  a  substance*  sqparate4 . 
from  a  combination,  is  sq>arated,  and  ceases  to  counter* 
act  the  action  of  the  decomposing  substance. 

4.  Specific  gravity.  Much- difference  of  specific  gra* 
vity  in  two  bodies  is  an  obstacle  to  their,  mutual  union, 
since  it  is  a  cause  fiivouring  their  separation,  and  of  course 
a  more  powerful  affinity  is  required  to  produce  their 
union,  than  if  such  a  difference  did  not  exist. 

5.  £fflor£scemce4  The  operation  of  this  circum* 
stance,  in  influencing  chemical  action,  is  comparativdy 
trivial,  yet  it  sometimes  can  be  traced.  In  mixtures  of  saline 
substances,  a  substance  evolved  or  formed  by  their  mutual 
decomposition  scnnetimes  rises  on  the  surface  in  a  loosely 
aggregated  mass  or  con^^rics  of  minute  crystals,  forming 
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esaagcmki  be  submitted  to  the  action  of  msohstaiiee  lAiidi 
exoitft  an' affinity  to  its  mm-dasdc  ingrediiBnty  this,  in  oon- 
fonnity  to  the  usual  law,  weakens  the  afflnily  exerted  be» 
tween  this  and  the  other  ingredient,  and  alkms  «  portian 
of  the  latter  to  assume  the  elastic  form.  Ihis  again  being 
thus  withdrawn  firom  the  q^diere  of  action,  opposes  qo  re- 
sistance to  the  action  of  the  substance  by  wfaidi  it  was  dis- 
placed, and  therefore  does  not  counteract  the  jMnogress  of 
the  deconqposition.  Hence  the  decomposition  of  snch 
con^unds  is  in  general  more  complete  than  that  of  thoae 
conqmsed  of  inelastie  sidbstances,  the  substance  excfaided 
in  the  latter  still  continuing  to  act  in  of^xMStion  to  the  one 
by  vribich  it  has  been  displaced,  and  the  substance  to 
which  both  exert  an  affini^  remaining  in  combination 
with  portions  of  eadi  of  them* 

7.  Tehperatube.  Mudipfthedfect  of  temperature, 
or  the  state  of  bodies  with  regard  to  heat  and  oold  on 
chemical  action,  is  to  be  ascribed  to  the  <^>erirtion  of  some 
of  the  preceding  causes,  and  particularly  to  the  cha^pea 
which  these  states  occasion  in  cohesion  and  daalkity. 
Being  in  general  compUcated,  however,  and  giving  rise  to. 
peculiar  results,  it  requires  to  be  considered  i^art. 

The  application  of  heat  ususUy  favovrs  diemical  cam* 
bination,  there  being  numerous  exanqdes  idiere  two 
bodies  do  not  combine  at  a  low  temperatnrei  but  enter  in- 
to combination  when  their  temperature  is  raised. 

When  the  combination  of  sdid  substances  is  favoured 
by  Iieat,  the  result  is  obviously  to  be  ascribed  to  the  dimi*-* 
nution  which  the  heat  produces  in  the  state  of  cohesion* 
thif  removing  an  obstacle  to  the  exertion  of  their  mitoai 
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tfvlgF.  Where  it  fiivaura  tbe  C(»biiialMi  of  «  solid 
with  a  Siiid^  of  ffwen  fritii  ca  ttgitfonn  body,  m  it  fr^ 
^pien%  does,  its  openition  w  irtiB  moSmry  <iie  cohesion  of 
ibe  solid  beiag  weskened}  aad  ihe  rosistwoe  wUcfa  dud 
cohoiioa  O|q[ioees  to  the  i»uhmai&m  tf  ks  partides  witii  , 
Aroseof  thie othor sidManoe  beiag  ^ fiur  rMAoTed* 
'  in  dhiik  CBK^  Ww«ver»  die  result  is  raidered  mott  ooni* 
pKeated  kj  the  oifoiiiDBtBaoe»  dwl  whSe  the  hctot  daasii* 
Riilws  ebe  eoheskm^^f  the  one  iiigr6dieRt>  k  iaoi^efises  the 
ebstMty  of  the  other.  Hus  sometiBMs  oounterocta  the 
oonhfaiMJasiy  osposioly  where  the  Hiutaal  iiffitokgr  is  not 


A  ▼eiy  pocuKor  fiMSt^  osd  whMh  sfipefirB  at  the  fint 
gionoe  not  to  JKOSord  wMi  these  vM^vrs*  j%  that  heat  fi^ 
tours  the  ocMniuaalion  of  clastio  fluids  with  eoch  oihetv 

I 

if  tiro  bodies  in  the  aSrifonn  state  aiie  irttngled  togetbeiv 
it«Aen»  iddeedt  geneiaHy  happens,  that  no  Oombination 
'takss  jdHoBw  But  if  heat  be  saddndy  oppied,  as,  far  ex»- 
Mipfe,  if  a  bnmiRg  body  or  an  ignitad  spark  be  bttio- 
duced*  liitD  the  lauiure^  they  imtant^  ■oamfaine.  Here 
the  iowdt  appeals  ahogedier  liaoinaioos:  the  obstacle  to 
tlie  oombhiathin  of  substonoes  in  the  oHrial  farm  is  their 
^shfltsoily^  and  die  distances  at  which,  in  oonseqnenoe  of 
diis,  their  parttdes  are  pb»ed»  By  applying  heat, 
ineMMed,  and  tbe  ooniliinstion,  instead  of  being 
tated^  it  night  be  supposed  woold  be  corniteracted. 

is  the  falewing  hypothesis  adequate  to  the  sohitbn  of 
dtis  diffioDlty  I  When  an  ignited  spark  is  introdaoed  into 
Ae  mbctnre^  the  space  on  which  it  falb  has  heat  ccmunts- 
tiicated  <to  it)  wiienee  an  expansicMi  j  piooeecKng  fram  dutt 
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space)  is  prodaced ;  and  this  expansion,  by  the  pressure  it 
must  occasion  on  the  sarrounding  pertides,  w31  cause 
them  to  approximate,  and  thus  to  unite.  The  whole  ef- 
fect is  instantaneous,  and  it  is  on  this  that  it  depends* 
Were  the  heat  to  be  slowly  applied,  and  gradually  raised, 
it  would  be  diflused  through  the  whde  mixture,  and  the 
particles  would  be  merely  sq^arated  to  greater  distances. 
But  a  single  point  being  heated  to  a  high  degree,  while 
the  surrounding  particles  remain  at  thdr  usual  tempera- 
ture, the  expannon  from  the  former  must  press  on  the 
latter  suddenly,  and  more  quickly  than  the  heat  can  be 
communicated.  These,  therefore,  instantty  approximate 
within  the  spiice  at  which  chemical  attraction  is  exerted^ 
and  their  union  is  efiected.  The  result  of  the  oombinik- 
tion  is  a  fiurtherWohxtion  of  heat,  suooessiTely  but  rif>idly 
taking  place,  whidi  produces  a  similar  efiect  on  the  con^ 
tiguous  particles,  until  the  combination  is  cbmjdete*  There 
are  some  cases,  however,  in  which  so  little  heat  is  extn- 
cated,  that  the  introduction  of  a  single  spark  is  insuflktent, 
and  therefore  a  succession  of  sparics  must  be  applied. 

The  application  of  heat,  in  particular  cases,  &vours  de^ 
composition  as  well  as  combination.  Where,  of  the  sub- 
stances combined,  cme  is  more  disposed  than  the  other  t^ 
pass  into  the  elastic  form,  this  tendency  is  finroured  by  a 
high  temperature,  and  frequoitly  so  much  so,  that  their 
mutual  affinity  is  overcome,  and  dec^bmposition  ensues. 
By  a  similar  operation,  heat  aids  the  decomposition  6£ 
such  compounds,  by  the  affinity  excited  by  a  third  sul>- 
stance  to  the  more  fixed  ingredient,  and  it  often  promotes 
the  mutual  decomposition  of  two  compounds,  fiivouril^ 
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ike  nmon  of  the  two  more  volatile  ingredients,  and  thus 
alldwing  the  attraction  between  the  ingredients,  which  are 
oonqNuratiyely  fixed^  to  operate  with  e&ct. 

In  aD  cases,  then,  in  which  heat  fsiYours  chemical  ac- 
tion, it  does  so  by  the  changes  it  occasions  in  the  cohe- 
sion, or  in  the  dasticity  of  the  bodies  concerned ;  but  these 
often  modify  each  other,  and  hence  it  often  gives  rise  to 
apparent^  c^posite  results ;  it  is  therefore  only  by  con- 
sidering it  in  relation  to  both,  that  we  obtain  a  just  theory 
of  its  operation. 

The  same  view  is  to  be  taken  of  the  operation  of  cold. 
By  diiaiiushing  elasticity,  it  sometimes  favours  combina* 
tion  \  and  in  other  cases,  by  increasing  cohesion,  it  may 
counteract  this,  and  give  rise  to  decomposition.  Or  the 
one  of  these  effects  may  modify  the  <yther,  and'thus  give 
rise  to  results,  which,  were  the  joint  action  not  attifSQded 
tOf  would  appear  anomalous* 


From  the  influence  of  the  circumstances  by  which  chemi- 
cal attraction  is  counteracted,  the  corollary  follows,  that,  it 
cannot  be  affirmed  in  any  case  that  bodies  have  np  attraction 
to  each  other.  There  are  many  examples  in  which  bodies 
do  not  omibine,  ba  in  the  fioniliar  one  pf  oil  and  water  i 
but  it  is  obvious,  tbot  since  combination  is  in  no  case  the 
simple-result  of  the  exertion  of  attraction,  but  always  of 
attraction  prevailing  over  cohesion,  elasticity,  or  specific 
gravity,  we  cannot  affirm,  from  combination  not  taking 
place,  that  no  mutual  attraction  exists.  All  that  can  be 
inferred  is,  that  the  attraction  is  not  sufficiently  strong  to 
overcome  die  opposing^  forces.    It  is  difficult  to  conceive 
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of  attractioii  otherwiiey  tkftB  as  a  force  with  which  every 
particie  of  Matter  it  endowed^  and  whidi  is  exerted  to 
every  other ;  and  the  tiieory  ia  evidently  suparior^  which 
sappooea  this  power,  in  particular  casea,  to  be  prerented 
from  being  efficacioua,  by  the  iiiiterfisrence  of  extraneous 
forces,  to  thAt  which  suj^ses,  that  betweett  certain  sob^ 
stances  it  is  akc^^ether  wantiiigi  eq>ecially.  since  in  aH 
cases  the  action  of  such  forces  can  be  demonstrated,  at 
least  td  a  oeitaai  extent,  whidi  miay  be  sufficient  to  ac- 
count for  the  result 

■ 

¥rom  the  influence,  too,  of  these  circunistahces,  con^ 
bined  with  the  adnossioti  that  all  bodies  have  mutual  at- 
tmctfons,  it  follows,  as  a  probable  conclusion,  that  the  a£> 
finities  exerted  by  compounds  are  merely  the  affinities  of 
their  constituent  principles,  modified  by  the  circumstanees 
under  which  they  are  exerted^  It  is  no  doubt  true,  that 
the  affinities  exerted  by  the  compound  are  often  extreme- 
ly different  from  those  of  its  elements :  it  combines  with 
substances  to.  which  they  appear  to  hare  no  attraction, 
and  it  refoses  to  unite  with  others  with  which  they  form 
intimate  combinations.  But  this  may  be  expected  from 
the  very  different  conditions  under  whidi  they  operate^ 
and  it  is  perhaps  possible  to  pmnt  oat  how  they  may  be 
^versified  by  circumstances,  the  influence  of  wUdi  Is  im» 
doubted. 

Thus,  from  the  affinity  which  one  of  the  elements  of.  a 
compound  exerts  to  the  other,  the  aflimtjes  of  dther  to 
other  substances  must  be  so  fiur  counteracted,  and  hence 
the  cause  of  what  is  generally  the  case,  the  attracti<ma  cxf^ 
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being  1cm  povetfid  ifaaa  liboae  of  kt 


lldi^  lionreff«r»  maybe  nuMlified  by  other  cbcamiitanoee 


attending  the  combination^  which  may  either  ooociir 
\tf  and  still  farther  weaken  the  affinities  of  the  compound, 
or  which  may  counteract  it,  and  render  them  even  more 
energetic.  Thus,  if  a  substance,  by  combination,  pass 
from  the  solid  lo  line  liquid  staler  it  aoquires  the  advan- 
tages derived  from  fluidity,  and  its  affinities,  formerly 
counteracted  by  its  cohesion,  may  now,  notwithstanding 
sone  dinjnvtioH  which  they  iuBkr  from  the  combination, 
be  exerted  with  more  effect  Or,  if  elastic  sdbatancea  by 
coBsbinatioB  fimn  a  licpiid*  the  advantage  gamed  fitmi 
this  condenaadoQ  and  removal  cf  daaticily  may  more  than 
counterbalance  the  diminutaon  of  fcfce  from  combinatiim» 
and  may  render  their  affinities  more  extensive  and  piore 
poweriiiL  Or  the  reverse  of  these  modifications  may  hap- 
pen.  If  the  reauit  of  a  comhitiarion  he  the  transition  of  a 
svdMtanoe  from  the  liquid  to  the  sohd  t/bsJUt^  the  coheaian 
acquired  will  add  to  ^e  diininnlpon  of  its  affinity  fivm  the 
oomlxitatiQn  itseif ;  4nr  if  api  aerifimn  compound  be  pro* 
duced,  the  elasticity  of  this  may  conoir  with  the  effiKl  af 
the  combinactien  in  'weaAteniDg  the  energy  of  its  acdon. 

With  these  vi^ws,  suaij  frets  in  the  details  0f  Ohcmiis* 
try  strictly  eorvespoad,  and  they  affinrd  aoloe  happy  eiqpla- 
nations  of  okemiea}  phenoDMna.  Afinities  thua  nuMlifiedy 
Bertholl^  has  named  Resulting,  to  diatinguisb  theih  from 
the  fltfSnities  of  4ie  imnediate  principles  of  «  compound, 
which,  in  coiAradifi^otioa,  he  names  Eleneotary.  The 
anoimdoas  ^oasea^  ^licniiiBBd  attraction,  which  have  been 
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placed  together  under  the  name  of  Disposing  Affinity, 
pear  to  belong  to  the  same  class,  and  principally  to  arise 
from  the  modifications  produced  in  elementary  affinitii^  bj 
combination. 


Sect.  III.-^Q^  the  Limits  to  the  Exertion  tff  Chemical 

Attraction. 


Chemical  attraction  obeys  certain  limits  }/rs^,wfth 
gard  to  the^  relative  quantities  in  which  it  causes  bodies  to 
combine,  and,  secondly j  with  regard  to  the  number  of  sub- 
stances between  which  it  may  be  exerted^  so  as  to  bring 
them  into  simultaneous  combination. 

Ursty  In  the  greater  number  of  combination^  there  are 
limits  to  the  attraction  exerted,  with  regard  to  relative 
quantity ;  or  the  bodies  are  not  always  combined  in  inde- 
finite quantities,  but  often  only  in  determinate  propor- 
tions.  Under  this  general  proposition,  several  rlanscB  of 
facts  may  be  arranged.  ' 

\sty  There  are  cases  in  which  two  bodies  can  be  com* 
bined  together  only  in  one  proportion,  and  if  an  excess 
of  either  ingredient  of  the  coiiipound  be  present>  it  re- 
mains uncombined,  with  its  properties  unchanged.  The 
cpnstituent  principles  of  water  aiford  an  example,  of  this. 

2^%,  Attraction  is  firequently  exerted  between  two  bo* 
dies,  as  to  combine  them  in  two,  in  three,  or  even  in  four 
proportions  \  but  these  are  always  determinatei  «o  that  in 


OB  AFFmiTT.  55 


the  isteniiediate  proportions  no  combinatioa  is 
«L  Hiete  combin«tk»M  give  rise  to  compounds  ^wludi 
differ  entirety  in  their  properties  from  each  other,  the  dif- 
ferences being  frequentfy  as  great  as  if  they  were  formed 
of  .principles  altogether  different  From  this  cause  prin- 
cipally arise  the  diversities  in  the  properties  of  the  sub- 
stances  belonging  either  to  the  animal  or  vegetable  king* 
dom,  these  consisting  in  gqperal  of  the  same  principles^ 
united  only  in  different  proportions. 

Sdb/j  Combination  is  sometimes  unlimited  to  a  certain 
esctenti  but  when  this  is  reached  it  is  arrested.  Water^ 
for  example,  wiQ  dissolve  any  quantity  oi  a  salt  up  ta  a 
certain  proportion;  but  when  this  has  been  combined  with 
it,  the  mutual  attraction  ceases  to  operate  with  eflfect,  and 
no  larger, quantity  can.be  dissolved.  >  The  limitation,  of 
combinaticm  in  this  case  is  nanjed  Saturation ;  and  when 
the  water  has  dissolved  the  largest  quantity  of  the  salt 
which  it  can  dissolve,  it  is  saidta^be  saturated  with  it. 

Lastly f  There  are  cases  of  combination  absolutely  unli- 
mited, or  in  which  bodies  unite  in  every  proportion. 
This  is  observed  to  happen  principally  in  the  combination 
of  liquids  with  each  other,  where  the  compound  retains 
the  liquid  form. 

When  combination  takes  places  in  detennini|te  propor- 
tions, it  generally  happens  that  there  is  one  proportion  in 
which  the  properties  of  the  bodies  combining  are  mutual- 
ly lost  or  neutralized ;  the  distinctive  properties  of  neither 
ingredient  appearing  in  the  compound ;  while  in  the  pro- 
portions difierent  from  \his,  the  properties  of  the  ingre- 
dient which  is  in  excess  may  be  recognised,  weakened  on- 
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^  1i>  •  cerlw  ckMrf»  lie  atagi^  of  the  fxririiiMlMhi  tl 
mrhkk  this  hqa|MB5  is  named  ihe  poiat  of  NeiftaCBatkai^ 
«ad  Mimetuttefi  Ijw  point  of  Stttonrtitm..  TIicktter» 
ever,  is  nwr?  firoperiy  emplojPBd  m  the  «caae 
[idiiteil  oiit>  as  denotiDg  thecadxeme  of  caiabiBiitifli ;  and 
die  tann  Nenbalbadon  b  prefeiaUey  a&  ugsi^dng  that 
etate  in  tdiicb  tfas  prapcatiea  of  liifi  bodin  aie  aiaimally 
}est  or  naiitaralisBdi. 

It  is  a  question  of  some  interest  and  importanoe^  ta 
what  cauacB  dicae  varktie&  of  oomhinatiim  me  to  be  a- 
seribed;  andit  wiwildheaatiActarytofedndatWin  teona 
general  principltw  TUb  has  been  attempted  h^  Bardn)!. 
kt»  and  ^mpghf  from  Out  difficulty  of  tiha  adDyaot^  aone 
obscurity  is  attadied  to  it»  his  views  are  ptobaUjr  just. 

The  prindple  of  his  theoiy  is,  that  affinikyiaa  fiwoe  ak 
ways  dSqaosed  to  operate  on  bodies^  and  to  unite  them  in 
an  ppcportions ;  daat  any  limits  of^wsed  to  its  eaiertinB.  m^ 
rise  &om  exbomal  fisroes,  cohesiont  elasticity  and  othersy 
by  wludi  It  is  influencaed^  and  dwt  it  is  only  by  the  ope- 
ration of  diese  Aat  determinate  proportions  are  estaUisk- 
«d. 

We  &tid  the  preceding  general  fiurts  in  a  great  mear 
sure  to  accord  with  this  principle.  Thus,  where  these  esb- 
temal  forces  do  not  operate^  as  in  the  mutual  action  of 
two  liquids,  die  c(Niqiound  ren^uning  liquid^  the  combi- 
nation is  unlimited  with  regard  to  proportion. .  Wben  oo* 
hesion  or  elasticity  is  present  in  the  sulgects  of  the  ccmbir 
.nation,  as  in  die  action  of  a  liquid  on  a  8idid»  or  in  the 
absorption  of  an  aeriform  subsitanoe  by  a  liquid,  tbes^ 
forces  limit  the  quantity  of  the  soli(i  that  caa  be  dissofared. 


^  tif  di0'air  that  j*  idisiiriied^  in  the  taaaner  alrai^  Ort 
|)liiBed^r«4lir«iiiuty  produdilig  the  <»niha)atioA  beooift* 
k^  weikfir  as  Ibe  ^omhbialion  proceeds^  tvhile  die  osh^ 
mam,  of  ikt  iwanining  aoEd^  or  dhe  dastiei^  of  die  vinab- 
mlwid  ak^  caafeinBea  ae  ^  fitat,  attd  therefijMre  od  equiS* 
britim  mluk  be  airived  at,  vvbeii  the  condbmedoii  «dft 
€CBaB.  Up  to  that  penad  it  may  take  place  in  iisdeter- 
niaflte  pmporticma;  fant  irixen  it  it  zttadiued,  a  liaut  la 
piaeed;  faey^oddl  which  it  cumot  prooted.  Lastly,  Wben^ 
in  the  ptogrcaa  of  combiiiation,  the  result  in  any  pairt  of 
it  is^reat  cmwVpfiaation,  tUs,  by  the  obatacle  it  may  op*- 
paae^  to^Ae  laertioii  of  afiiuty,  or  eveD  froni  the  greatneaa 
fff  tkeecandeasatictt)  fay  withdrawiiig  the  product  firom  the 
ifdiene  of  actkm,  may  Ikkoit  the  comfainatiOD  to  that  pointy 
•r  to  thepioportipn  at  ivlnch  this  effect  is  gtetnteat  ^  or  i^ 
by  pftarmia?  diiauDfitiuicea,  this  ig  overoome,  in  the  £ir- 
tlier  pragreta  of  the  combinati^A  it  may  again  hiqppen  ^ 
and,  in  thk  yny^  eompouJads^  in  tmo  or  three  detenttnaae 
pgqpbrtiaaifj,  maybe  formed. 

Precisely  an  opposite  vtear  haa  aooMtimes  been  main* 
Gained  •f  dMrnuoal  oDtntunatioB,  thait  it  i«  an  i^tbribttte  of 
Ae  po«scr  «f  aflSnity  ilaelF  t»  unite  bodies  in  delerminttte^ 
prbpoilioiis.  Aiid  this  principle  has  lat%  been  appiied 
with  same  no^ai^  "hf  Ur  Dakm  and  Dr  Wdiaaton. 
Th^  pmeeed  an  ihe  aasumplaon)  Ihat  when  fiodies  com* 
bdne  <ftianiiadh|r»  they  are  disposed  to  unite  in  detifenniiiflte 
paopeataoBs;  Mid  the  combbntion  is  either  «  biaary  ene, 
that  is,  eoDsisfes  of  «tie  atom  or  particle  of  the  ^ske  body^ 
combined  wiAone^theollier,  or  where  the  two  bodied 
annbiae  in  different  proportions^  the  combination  in  one 
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prop<»tion  is  probably  binary,  and  in  the  others  in  peftaia 
arithmetical  relations,  as  that  of  two  atoms  with  one^ 
three  with  one,  &c*  With  this  principle  Mr  DalUm  has 
emineeted  a  system,  relating  to  the  wdgfats  of  the  atoma 
of  bodies,  and  has  applied  it  to-llie  explanation  of  the 
constitution  of  a  nmnber  of  chemical  componnds. 

Much  of  this  system  is  hypothetical,  and,  with  regard  to 
the  princq>le  itself,  it  appeaiB  irreconcilable  with  the  law 
of  chemical  affinity  so  well  established,  that  bodiea  'act 
chenUcally  in  the  ratio  of  their  affinity  and  quanti^  $  for, 
if  combinatiicm  take  place  in  determinate  pr«qfx>rtiona,  if 
one  atom  of  a  is  disposed  to  combine  with  one  atom  onlj 
of  6,  what  fisorther  force  can  be  gained  from  the  {Hresence 
of  a  number  of  particles  of  b  i  While,  if  bodies  act  in.the 
ratio  of  their  affihity  and -quantity,  thdr  power  of  combi* 
nodon,  unless  arrested  by  external  ^circumstances,  must  be 
unlimited ;  for  the  action  of  a  number  of  particles  of  the 
one  body  is,  by  the  very  siqpposition,  held  capabk  of  be- 
ing extended  to  one  particle  of  the  other,  and  there  is  no 
point  at  which  it  ceases  to  operate. 

The  question,  therefore,  rests  on  the  evidence  with  re- 
gard to  these  principles.  And  from  the  numicrous  foots 
which  support  the  conclusion,  tl^at  cpiantity  of  matter  in- 
fluences  affinity,  there  can  remain  little  doubt  of  tiie  truth 
of  the  principle  itself,  and  of  the  superiority  of  the  system 
which  rests  upon  it.  This  system,  too,  accords  better 
with  the  general  train  of  chemical  focts,  than  the  opposite 
<me,  that  chemical  attraction  has  a  tendenqr  to  unite  the 
partidbs  of  ix)dies  in  determinate  proportions. 


0 
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Sic&ru&ff  Chemical  attraction  observes  certain' 
wjdi  regard  to  Ae  nvmjber  of  -substances  wUch  it  com* » 
Imucs  toj^etheTr  It  not  ovify  unites  two  substances ;  it'fire-^ 
qiiend;^  brings  three  or  more  into  oorafainfeitiML 

When  tbiee  substances  are  placed  within  the  sphere  of 
diemical  fiction>  it  often  happens,  either  that  twoof  them, 
coBibine»  to  the  exiddsioB  of  the  third,  or  that  one  is.  com- 
bined with  each  of  the  othm,. being  divided  between  them 
in^propprtionsdetennined  by.  their  afiiniiies  and  quantities. 
In  some  cases,  however,  instead  of  either,  of  these  varietiea^ 
of  combihadon,  the.  three  substances  have  their^affiQitiea 
balanced,  in  'such  a  manner  that  they  enter  into  simulta- 
neous combination,  and  iorm  only  one  ccHnpound.  Elven 
four,  five,  or  perhaps  more  substances,  may  be  thi»  com^- 
bined  together.  Such  combinations  are  named  Ternary^ 
Quaternary,  &e.  according  to  the  nui^ber  of  dieir  constt- 
tuent  parts. 

There  are  muneroui^  examples  of  such  combuMHionB  a» 
mong  the  metab.  If  three  or  four  metah  be  fiised  toge- 
ther, th^t>ften  unite,  and  fbnn  one  ^uniform  compound. 
There  are  also  fi*equent  examples  of  ternary  combinations 
among  the  salts,  one  acid  being  saturated  by  the  joint  ac- 
tion of  two  bases.  Nature,  too,  presents  us  with  a  num- 
ber of  sudh  combinatioos..  Nearly  all  the  substances  be^ 
longing  to  the  v^^etable  kingdom  are  compounds  of  at 
least  three  principles  v  and  the  composition  of  the  animal 
products  is  still  more  complicated,  four  or  five  principles 
being  combined' in  their  formation. 

These  cpmbinations  appear  to  take  place  principally 
where  the  mutual  attractions,  under  given  circumstances^ 


^ 
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«re  nefurljr  of  the  same  fi>rce»  and  where  the  extenuil  £br^ 
etf  of  cohesion  J  &c.  do  not  much  interfere.  Did  the  at« 
trsctian  of  one  ingredient  to  eny  of  the  othen  much  ex- 
ceed their  nmtiial  affinkiesy  it  would  prohebly  jpiwe  rise  to 
an  insulated  fanuuy  compound ;  or  did  the  oomponnd  re^ 
ynkiaig  from  the  union  of  any  two  of  the  ingredients  di& 
Jer  much  in  its  constitotion  item  those  fimned  fay  the 
ediers,  this  drcumstanoe  would  determine  the  chemicsl 
action^  and  caoise  the  separation  ofsoch  aoon^uad.  -  But 
where  neither  of  these  circumstances  is  present,  the  affi- 
nities may  be  bahoiced,  and  give  rise  to  one  comhinadon. 
Hence^  probsUyy  their  formation  more  peculiarly  in  the 
vessds  of  vegetables  and  animaist  where;,  firom  the  motion 
and  agitation  to  which  they  are  subjected,  the  conqpnea- 
«6n  under  which  they  are  placed,  and  the  smaJlness  of  the 
mass  in  which  the  affinities  cerate,  the  cireumstanoeB  of 
cohesion  and  elasticity  are  in  a  great  measure  prevented 
from  ojperatingi  and  giving  rise»  bb  ^key  otherwise  would 
do,  to  binary  combinations^ 


Sect.  IV. — Qfthe  Forces  tlntA  which  Chemical  Attractum 

is  exerted,  • 


Bodies  estertii^  attractions  to  others,  exert  them  with 
very  diflerent  degrees  of  force  ;  and  frcnn  this  arises  ia 
aeries  of  important  chemical  changes. 

From  the  attraction  exerted  by  one  substance  to  ano- 
^er,  tiieir  combination  takes  place.    But  this  attraclaon 
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my  be  iniMoar  in  fivoe  to  the  attrection  wlack  either  of 
these  sabstances  exerts  to  a  third  body.  In  this  case,  it 
this  body  be  brought  to  act.<»  the  compound  which  the 
others  hi^ve  formedj  it  will  decompoBe  it ;  the  two  which 
exert  to  eadi  other  the  strcmgest  attraction  will  combine^ 
and  the  third  will  be  separated.  Hence  arise  an  exten* 
sive  series  of  decon^MMsitions ;  and  hence,  too,  is  derived 
the  pow^  of  the  Chendst  to  recovar,  m  an  iasulatedstate^ 
substances  which  have  been  combined  together^  as  well  as 
to  obtain  the  principles  of  which  natural  coaj^unds  art 
formed. 

The  case  now  explained  has  been  named  Single  Elec- 
tive Attraction,-— a  substance  combining  with  another  ap- 
parently m  preference  to  a  third.  It  was  usuaUy  suppo- 
sed that  this  combination  is  exclusive,  and  that  the  sub- 
stance which  is  displaced  is  obtained  pure  and  insulated. 
In  many  cases,  however,  it  has  been  discovered,  that  in 
conformity  to  the  law  of  chemical  attraction,  that  bodies 
act  in  the  ratio  of  their  affinity  and  quantity,  the  excluded 
substance  retains  a  portion  of  the  one  with  which  it  was 
x»tiginally  combined  j  and  in  other  cases  it  attracts  a  por- 
tion  <^  the  decompoeing  substance.  It  is  only  where  the 
external  circumstaiices,  espedaDy  cohesion  and  elestidty, 
which  infliMMe  diemieBl  affinity,  operate  powerfidly,  Aak 
complete  decomposition  is  produotd. 

When  this  difference  ia  die  rdative  forces  of  8ttnK> 
tion  was  observed,  it  was  a  very  obvious  idea  to  construct 
tables  in  ^tiiidi  they  might  be  tepteteoMedj  as  fiir  as  they 
were  ascertained  by  esqperiment  lUs  was  fiiet  doghe  by 
Oeoffi«yf,  a  French  c^enust,  m  lYlB,  and  since  his  thi^ 
a 
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the  labours  of  many  daemists  have  been  directed  tcrmapim 
correcting  and  extending  these  tables.  Their  consbnnctioa 
is  extremely  simple.  -  The  substance  whose  attractions  ave 
to  be  enumerated^  is  placed  at  the  head  of  a  cokumi>  sxid 
the  substances  to  which  it  has  attractions  are  placed  be^ 
nealii  it,  in  the  order  of  their  relative  forces,  the  subetance 
to  which  it  has  die  strongest  attraction  being  inunediatdy 
under  it,  the  6thers  following  in  that  order,  and  the  one  to 
which  it  has  the  weakest  attraction  of  course  closing  the 
column.  Thus  the  attractions  of  lime  and  of  muriatic' 
acid  are  represented  in  the  following  tables  : 

Lime.  Muriatic  Acid. 


Oxalic  acid.  -  Baiytes. 

Sulphuric  acid.  Potash. 

Tartaric  acid.  Soda. 

I^osphoric  acid.  JLime. 

Nitric  acid.  ^  Ammonia. 

w  « 

Muriatic  acid  -       Magnesia. 

.There  is  another  case  of  elective  attraction,  vaare  com- 
plicated. Suppose  we  have  a  compound  formed  by  the 
union  of  A  and  B,  in  which  the  force  of  attraction  is  equal 
to  20,  and  that  to  this  compound  another  substance,  C,  id 
added,  which  has  an  attraction  to  A,  equal  to  16  ^  it  is 
evident  that  no  decomposition  can  oisue.  But  suppose  a 
fourth  substance,  D,  is  united  to  C,  with  an  attraction  e- 
qoal  to  7,  and  suppose  that  D  has  an  attraction  to  Bequal 
to  12,  then  a  decomposition  must  be  effected  on  mixii^ 
tbeae  two  compounds/,  for  the  sum  of  their  existing  at* 
tractions  is  inferior  to  the  sum  oi  those  tending  to  sepa* 
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rate  them;  die  former,  the  affinity  of  A  to  B  and  the  affi- 
nity of  Cto  D,  being  equal  onfy  to  27 ;  the  latter,  the  a&- 
tuty  o(C  to  A  and  of  D  to  B,  being  equal  to  26.  A  B, 
C,  D  therefi>re,,are  decomposed,  and  two  new  compounds, 
C  A,  B  D,  are  formed. 

This  is  what  is  named,  in  the  language  of  Chemistry, 
Double  Elective  Attraction  $  two  dective  attractions  being 
exerted,  and  two  new  compounds  formed*  Of  the  two  at- 
tractions which  are  exerted,  the  tendency  ,of  the  one  is  to 
preserve  the  original  compounds  undecomposed,  that  <^ 
the  other  is  to  separate  their  principles.  The  former  have 
been  named  by  Mr  Kfrwan  the  Quiescent,  the  latter,  the 
DiveOent  Attractions, — terms  which  are  g^[ia*a]ly  used.  It 
is  evident,  that  a  double  decomposition  can  only  be  efieci- 
ed,  where  the  sum  of  the  divdient  is  superior  to  that  of 
the  qmescent  attractions. 

To  represent  more  clearly  and  concisely  what  passes  in 
these  complicated  attjractions,  diagrapis  have  been  con- 
structed. The  idea  seems  first  to  have  occurred  to  Dr 
Gullen.  The  one  he  proposed  was,  that  of  two  cylinders 
crossing  each  other  at  the  middle. 

A  B 


fi* 
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If  on  mixing  ih€  (sorapomidB  denoled  bf  AC»  BD^  tbe 
4ttjraGCk)ii8  of  A  to  B>  saad  ^rif  C  to  D|  overomie  tbequie^ 
tsnt  attiwtion«»  A  C,  B  D|  the  resufeiiig  decompoeitioA 
JB  ffcfxretentod,  by  supposing  ihe  extremitiea  A  Bf  C  IX 
of  the  cylinders  to  be  brought  tpgeth^ ;  by  whith  'sk^ 
the  |Mrodttetioii  of  the  two  Jtew'cotaiqxHuidd  will  be  denoted 
i^  the  oo^jimctioD  of  these  lettera. 

The  diagram  pfoposiid  by  Bergman,  consists  of  tw# 
hradcela  cotmected  by  straight  lines,  formilig  a  square,  at 
the  sides  and  corners  of  which,  the  names  of  the  existing 
compoimdi,  and  of  their  ingredients,  are  placed  ^  and 
ihou|^  not  conveying  a  more  dear  idea  of  the  operation 
.itself,  is  better  caicnlslsd  to  represent  all  the  ciroiunataa- 
<es  connected  with  it. 


Sulphate 

of 
Potash. 


Muriate  of  Potash. 


Pbtash 


let 


I 


-A^- 


32  Muriatic  acid 


54 

Sulphuric  acid      — 

86 


^r82    ^ 


Lime 


Moriate 

of 
Lime. 


Sulphate  of  Lime., 
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Thus  in  the  scheme  which  Bergman  himself  gives,  if 
the  two  compounds,  named  Sulphate  of  Potash,  and  Mu- 
riate of  Lime,  the  former  consisting  of  sulptiuric  acid  and 
potash,  the  latter  of  muriatic  acid  and  lime,  be  mixed  to- 
gether,  a  double  decomposition  takes  place,  and  two  new 
compounds,  muriate  of  potash,  and  sulphate  of  lime,  are 
formed.   Tliis  is  represented  by  placing  on  the  outer  sides 
of  the  two  brackets  the  names  of  the  two  compounds  mix- 
cd^  and  at  the  corners  of  the  brackets,  the  names  of  tlieir 
ingredients,  so  disposed  that  the  one  acid  shall  be  diago- 
nally opposite  to  the  other.     If  the  numbers  expressing  . 
the  rdative  fcrce  of  attractions  of  the  principles  of  these  * 
compounds  be  also  added,  it  will  be  obvious  that  a  decom- 
position will  ensue.    If  the  attraction  between  potash  and 
auj^mic  acid  equal  62,  and  that  between  lime  and  muria- 
tic acid  20,  the  sum  of  the  quiescent  attractions  will  be  82. 
But  if  the  attraction  between  potash  and  n^uriatic  add  be 
32,  and  that  between  sulphuric  acid  and  lime  54,  the  sUm 
of  the  divellent  attractions  wjU  be  86.  These,  therefore,  will 
operate  with  effect  \  the  muriatic  acid  and  the  potash  will 
combine  togetlier,  aa  will  the  sulphuric  acid  and  the  lime  ; 
and  the  names  of  these  resulting  compounds,  muriate  of 
potash  and  sulphate  of  lime,  are  placed  without  the  straight 
lincs>  by  which  tlie  brackets  are  connected. 

To  represent  a  single  elective  attraction,  the  same  figure 
is  used,  with  one  bracket,  as  in  this  diagram. 


Vol.  I.  u 
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ru  H  ii 


'  Nit.ic  Acid. 


,J<.^mm 


Nitrate 

of      \  IS 
l'ot;ish. 


Potash  20  Sulpliuric  Acid. 
Sulphate  oi  Potash. 


Where  the  quiesoeoit  attractions  are  superior  to  the  di- 
veUenty  and  where  of  course  no  decomposition  takes  phuse^ 
llie  scheme  connsts  of  two  unconnected  bracketsi  with  the 
names  of  the  compounds  nt  each  side,  and  of  their  ingre* 
dients  at  each  comer ;  the  numbers,  denoting  the  forces  of 
attraction,  being  interposed. 

In  these  decompositians  it  freqilently  happens,  that  one 
or  both  of  the  new  compounds  prove  insoluble,  and  conse- 
quently fill!  down.  This  is  denoted  by  bending  downwards 
in  the  middle,  the  line  placed  between  the  substance  and 
the  square,  as  in  diagram  2,  where  the  undermost  line  is 
bmt  down  to  shew  that  the  Sulphate  of  Lime  is  precipi- 
tated.  If  one  of  the  substances  be  volatilized  or  sublimed, 
the  line  is  bent  upwards  in  the  middle^  as  in  diagram  3, 
whercTtlie  upper  line  is  drawn  in  tliis  manner,  to  sliew 
that  the  Nitric  Acid  is  volatilized.  If  they  are  neitlier 
precipitated  nor  volatilized,  the  brackets  arc  merely  con- 
nected by  straight  lines. 
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Lastly,  At  ckaSatfMaiite$  tinder  which  the  decoxnposi* 
lioii  takes  place,  re()u»re  to  be  pointed  out.  Sometimee 
U  is  effected  b^  the  nibsCaiices  being  ditaolved  by  water, 
soioetiiiies  by  the  application  of  heat  to  them  in  the  solid 
state.  Bergman  distinguished  these  decompositions  in  the 
hmnid  and  in  the  dry  way,  by  inserting  in  the  midiile  of 
the  diagram  a  triangle,  A,  whieh  was  the  old  chaBical  mark 
for  fire,  to  denotis  that  the  decomposition  was  e£bcted  in 
the  dry  way,  or  by  the  appliieation  of  heat ;  and  an  invert^ 
ed  triangle,  t>  ike  mark  for  water,  to  point  out  wh^i  it  was 
done  in  a  watery  solution.  The  saihe  method  is  still  ascU, 
the  signs  only  having  been  changed,  a  perpendicular  line  | 

being  the  mark  fot  heat>  and  the  cotiopound  fignte,  S>  for 
water.  To  facilitate  the  eonstrnction  of  sueh  diagrams, 
all  the  chemical  agents  hsrve  likewise  been  distinguished 
by  paifticular  symbols* 

Such  are  the  doctrines  of  rfngle  and  dduble  dective  at* 
traction,,  as  they  were  delfreiisd  by  Bergman,  and  until 
kteiy  received  fay  chemists.  A  different  view  has  been 
given  by  Ber^oQet  of  these  changes^  which  it  is  necessaiy 
to  explain* 

In  Bergman's  theoiy,  affinity  is  regarded  as  an  invarir 
able  force ',  and  the  decompositiolis  ascribed  to  elective  at* 
traction  are  considered  as  depending  on  the  various  de^ 
grees  of  intensity  with  which  this  force  is  exerted  by 
each  body  towards  others.  In  the  theory  of  BerthoUet,  the 
changes  are  referred  to  the  ofiieration  of  those  circumstan* 
ces  by  whieh  attraction  is  influenced.  If  the  substances 
which  in  any  case  of  complex  affinity  act  on  each  oth^r  be 

E2 
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Kquid,  or  h^  sohible  in  the  fluid,  whidi  15  the  medium  of 
action,  and  if  the  compoimds  they  form  in  any  stage  of 
combination  hare  no  great  cohesion  or  inaolubitity,  no 
:icvident  change  appears  when  diey  are  mixed  togedier ; 
there  is  a  mutual  saturation,  and  the  opposing  snbstance^i 
remain  united,  fiirming  a  combinatioD,  in  which  the  forces 
are  balanced.  But  if,  on  any  of  the  ports  of  such  a  eom- 
binadon,  the  force  of  cohesion  or  insolubility,  or  the 
power  of  elasticity  operate  with  energy,  these  esctemal 
forces  subvert  the  balance,  ^e  rise  to  separations,  and 
a^e  hence  the  cause  of  the  results  whidi  were  ascribed  to 
the  predominance  of  diveOent  over  quiescent  affinities. 

Tbu9,  if  four  substances  are  presented  to  each  other, 
two  of  wliich  have  a  greater  tendencr|r  to  cohesion  than 
the  others,  or  which  form  a  compound  of  sparing  solubili- 
ty, instead  of  the  whole  ibrming  one  combination,  the  two 
which  form  the  insoluble  compound  will,  from  the  ihfln- 
ence  6f  cohesion,  combine  together,  and  be  separated  by 
{>reejpit«^on  or  crystallization,  the  other  tMo  remaining 
in  combination  apd  in  solution.  And  if  even  these  four 
substances  were  previously  in  the  reverse  binary  combina* 
tions,  the  same  extraneous  force  will  cause  an  exchange  of 
principle^,  or  the  phenomena  which  haVe  been  ascribed  to 
elective  affinities  wiD  be  produced.  The  case  is  the  same 
where  three  subfitances  are  presented  to  each  other.  If 
the  combination  of  (wo  of  them  give  rise  to  a  substance, 
of  sparing  solubili^,  or  having  a  strong  tendency  to  cc^e- 
sion,  thii$  cii'cumstance  \fiU  determine  their  union,  and  the ' 
separation  of  the  insoluble  compound, .  instead  of  the  ba- 
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lance  of  affinities  wjiich  would  otherwise  have  been  the  r^ 
suit. 

In  other  ^aAes>  the  poorer  of.elaAticity  interfere?  and 
gjyes  rise  to.  similar  effects,  especially  where  heat  is  apr 
pliod..  An  dastic  ingrediait,  in  what  haa  been  named 
Sii^^  Elective  Attraction,  will,  from  tkus  cause,  bempre  - 
^a^y  displaced }  and,  Jn  double  dective.  attractions,  it  wifl 
^stennine  the  combination  of  the  two  opposing  substances 
nfbich  are  most  diq)08ed  to  assume  the  elastic  form. 

In  this  theory  of  compleK  affinity^  as  jBerthoUet  douMni* 
nates,  whaft  used  to  be  termed.  Elective  Attraction^  diare  is 
pipbabty  much  that  is  just ;  and.it  accords  well  with  many 
facts  reladng  to  these  decompositions.  There  is. still, 
however,  some  degree  of  doubt  with  regard  to  the  princi- 
ple on  which  it  rests ;  and  the  subject  would  require  a  dis- 
cussion too.  abstrusQ  to  be  admitted  into  this  elementary 
view., 

'There,  is  no  problem  in  chemistry,  the  solution  oi  which 
would'  be  more  important,  than  that  with  regard  to  the  . 
absolute  forces  of  attractions  which  bodies  exert,  lliat 
thfy  differ  in  force,  as  exerted  by  each  body  to  a  series  of 
qthers,  is  suffici^tly  evident ;  the  difficulty  is  to  discover 
thdr  degrees  of  strength*  Were  these  accui:^tely  known, 
mwy  of  the  deductions  of  the  science  would  rest  on  cal- 
culation ;  bpt  the  sdlution  has  hitherto  been  very  imper- 
fecdy  obtained. 

Several  of  the  methods  on  which  the  solution  has  been 
attempted,  rest  on  false  principles.  Ouyton,  obsei'ving  that 
different  metals  adhere  to  the  surface  of  quicksilver  with 


70  OF  CHEMICAL  ATTltACTION 

different  d^rees  of  force,  suppofled  tkat  these  migbt  indi- 
cate their  respective  affinities  to  that  metal, — ^a  method  not 
tMiiy  limited  as  to  tlie  possibility  of  its  execution,  bat  in- 
accurate, inasmuch  as  the  adhesion  denotes  merely  the  fi^ 
dffity  of  combination,  which  depends  as  much  on  the  co- 
hesion of  the  metals  as.  on  their  attractire  powers.    Wen- 

I 

sd  had  supposed  that  the  quantity  of  a  body  disserved  in 
a  given  time  by  another,  afibrds  a  measure  of  the  feroe  of 
the  affinity  exerted,— a  pnneiple  equafly  defective,  aincetlie 
rapidity  of  combination  d^hds  not  merely  on  the  sAni- 
tj9  bat  on  this  modified  by  the  o&er  circumstances  which 
inSaenoe  chemical  action.  Nekher  can  any  rssi^  con- 
nected with  the  fiu^ility  of  decomposition  of  ^itoipounds 
affi^rd  any  certain  indications,  since  these  are  equally  de-  ' 
pendent  on  the  same  circumstances. 
,  Mr  Kirwan  observed  a  connection  betwe^  the  idluiities 
of  bodies  and  the  quantities  of  them  required  to  neutralise 
the  properties  of  other  substances  with  which  they  com- 
bine ;  and  BerthoUet,  correcting  and  extending  his  views, 
has  advanced  die  principle,  tiiat  tiie  power  possessed  by  a 
body,  of  ncutraUzing  the  properties  of  another,  is  die  re- 
sak  iiX  the  stvength  of  its  affinity  to  that  body,  and  may 
therefore  be  r^;arded  as  a  measure  of  It;  the  affinity  {^ 
any  substance  to  another  being  more  powerful,  as  a  given 
weight  of  it  can  neutralise  a  greater  quantity  of  Aat 
other.  To  discover,  therefore,  the  forces  rf  affinity,  as 
exerted  by  different  bodies,  it  is  only  necessary  to  deter- 
mine the  quantities  required  to  produce  neutrahzation  in 
those  with  which  they  combine. 
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On  this  principfey  Berthollet  has  indicated  the  order  of 
the  affinities  of  the  principal  acids>  and  of  die  bases  which 
they  oeutzaEiie;  and  this  order  is  very  different  from 
that  inferred  from  Ae  known  series  of  decompositions. 
'This,  indeed)  is  no  just  objection  against  the  theory  ^  for 
these  decompositions  arising  from  the  operation  of  other 
•forces  besides  that.of  affimtyt  there  are  no  grotmds  to  in-; 
fer  that  thqr  shall  carveq>ond  with  the  real  scale  of  the 
forces  of  attraction*  There  is  some  reason  to  doubt>  howf* 
ever,  wfaedier  the  principle  is  altogether  just ;  and,  ef«il  * 
if  it  werei  the  investigation  is|  in  the  present  state  of  our 
knowledge^  attended  with  such  difficulties,  that  the  reauha 
are  &r  from  being  certain.  At  the  end  of  this  chapter 
will  be  found  tables  representing  the  quantities  of  the  pno- 
cipal  acids  and  bases  necessary  to  prodnc^  reciprocal  sar* 
(turation. 

From  the  observations  that  have  been  made  under  thia 
and  some  of  the  other  sections,  it  must  be  apparoit  that 
the  relative  forces  of  afihiity,  as  represented  in  the  com^ 
mon  tables  of  elective  attractian,  are  altogether  inaccurate, 
They  represent  only  a  serief  of  decompositions,  which 
arise  from  the  operation  of  cireumstaiiees  whidf  inflttomq 
attraction,,  as  much  as  from  differences  in  the  strength  of 
uttractiim  itsdf.  Nor  do  they  even  express  the  order  o^ 
these  decompositioQiB  with  accuracy;  since  the  influence,  of 
quantity,  which  so  materially  modifies  the  results^  has 
been  neglected.  They  ore  therefore  of  less  utility  thao 
has  been  believed. .  A»  they  ipay  be  condensed,  however, 
in  a  short  space,  and  may  sometimes  be  consulted,  they 
may  be  jadded  in  concluding  the  statement  of  the  doctrines 
of  chemical  attraction. 
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TABLE  OF  AFFINITIES. 


I. 

OXTOEN, 

Carbon 

Zinc 

Iron 

Hjrdrogen 

Manganose 

Cobalt 

Nickel 

Lead 

Tin 

Phosphoms 

Copper 

Biamutb 

Aotimony 

Quicksilver 

Arsenic 

Sulpbar 

k^oia 

Silver 
Platina 
Muriatic  Acid 


Uranium 

Molybdena 

Tungsten 

Cobalt 

Anttmouy 

Nickel 

Arsenic 

Chrome 

BisQiuih 

Lead 

Capper 

Tellurium 

Platina    ' 

Mercury 

Silver 

Gold 


111/ 

KITROOBN. 

Oxygen 

Hydrogen 


iir 

OXYOBV. 


Titanium 

Manganese 

Zinc 

fron 

Fm 


IV.      . 

HYDROGEN. 

Oxygen 

Sulphur 
Carbon 
Phosphorus 
Nitrogen 


V. 

CARBON. 

Oxygen 

Iron 

Hydrogen 


VI. 

SULPHlfR. 

Ox3'gen 
Potash 
ISoda 
iron 
Copper 
Tin 
Lead 
Silver 
Bismuth 
Antimony 
Quicksilver 
Arsenic 
Molybdena 
Tellurium 


Potash 

Soda 

Lime 

Ammonia 

Magnesia 

Zircon 


- 


VJl. 

SULPHURET- 
TBD  HYDRO- 
GEN. 


.. 


Barytes 


Vlll. 

AMMONIA, 

POTASH,  AND 

^DA. 

\cids 
Sulphuric 
Nitric 
Muriatic 
Fluoric 
Phosphoric 
Oxalic 
Tartaric 
Arsenic 
Succinic 
Citric 
Benzoic 
Acetic 

Saccbo-luctic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic. 


*  This  k  Vau^elxn's  table  of  the  affiaitiei  of  oxygen  for  metals,  found- 
ed on  the  difficulty  with  which  their  oxides  are  decomposed  hj  it 


•Bi^nNITT. 


7S 


Water 

Xi, 

Prussic 

,    XVli.         I 

Oil 

LIME.    « 

Sulplnur 

SUtFllURIC 

Sulphur 

1 

ACID. 

Arlris 

XIII 

IX. 

Oxalic 

ARGIL. 

Barjtes 

BARYTES. 

Sulphuric 

Strontites 

Tartaric 

Acids 

Potash 

Acids 

Succinic 

Sulphuric 

Soda 

Sulphuric 

Phosphoric 

Nitric 

LJme 

Oxalic 

Saccho-lactic 

Muriatic 

Magnesia 

Succinic 

Nitric 

Fluoric 

Ammonia 

Fluoric 

Muhatic 

Arsenic 

Argil 

Pbospbodtt 

Fluoric 

Oxalic 

Metallic  Oxides 

Saccho-lactic 

Arsenic 

Tartaric. 

Nitric 

Citric 

Phosphoric 
Acetic 

. 

Mmiatic 

Benzoic 

XVIII. 

Citric 
;    Tartaric 

Acetic 
Boracic 

XIV. 

SULFHUROUS 

Ars^ic 

Sulphurous 

MLBX. 

ACID. 

Benxoic 

Nitrous 

Barytes 
Strontites 
Lime 
Potash 

Acetic 
Boracic 

Carbonic 
Pmssic 

Fluoric  Acid 
Potash 

Sulphurous 

Sulphur 

NitriHM 

XV. 

ACIDS  NITRIC 

Carbonic 

XIL 

Soda 

Pnissic 
Su^hur 

IfAOKBSIA. 

Acids 
Oxalic 

&  NITROUS. 

Potash 
Soda 

Magnesia 

Ammonia 

Argil 

Metallic  Oxides 

X, 

STR0XTIT£8. 

Acids 

Phosphoric 
Sulphuric 

Barytes 

Strontites 

Sulphuric 

Fluoric 

Lime 

XIX. 

Oxalic 

Arsenic 

Magnesia 

puojBPiioaic 

Tartaric 

Saccho-lactic 

•Uiinionia 

ACID. 

Fluoric 

Succinic 

Argil 

Kitric 

Nitrjc 

MetallicOxides 

Lime 

Muriatic 
Succinic 

Muriatic 
Tartaric 

Barytes 

Strontites 

XVI. 

Phosphoric 

Citric 

ACIDS  MURIA- 

Magnesia 

Acetic 

Beneoic 

TIC  &  OXY- 

Potash 

Ars^ic 

Acetic 

VURIATIG. 

Soda 

Boracic 

Boracic 

\mmonia 

Carbonic 

Sulphurous 

The  same  aa  in 

Argil 

Sulphur 

Carbonic 

NO.  15. 

Metallic  Oxides 

' 
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Barytes 
StTontitM 
bime 

Fixed  Alkatieal      XXVL 
Magnesia 
Auimonia 
Argil 

MetallicOxideflj  Barytes 

Magnesia 


XX. 


CA&BOVXC  VAaTABlC 


ACID. 


TW. 


ACiv« 


The  same  as  in 
NO.  19. 


^oda 

AoQiBonta 

Lime 

Magnesia 

Argil 

M^tallicOxides 


XXI. 

rLUORlC  ACIDJ 


Potash 

8oda 

Amaionia 

The  same  as  iQ|ArgU 

NO.  JO. 


•     XXII. 

BORACIC  ACID. 


CITRIC  ACID. 

Lime 


Potash 
Soda 

Ammoma 
Lime 
Barytes 
StroutitM 
Magnesia 
MetallicOxidesI  Argil 


«<■■       !■»     ■ 


XXVIL 

BINCOIC  ACI9. 


The  same  as  in  The  same  as  in 


NO.  19. 


XXII L  , 

ARSSKIC  ACID. 


XXVill. 

SUCCfHtC 

ACID. 

The  same  as  in 
NO.  26. 


XXIV. 

OXALIC  ACID. 

The  same  as  in 
NO.  19. 


NO.  26. 


*.p  ^i 


Lime 
Barytes 
Strontites 
Magnesia 
Potash 
Soda 

Ammonia 
Argil 

MetallicOxideslThe  same  as  to 

NO.  26\ 


XXIX. 
SACciio*i.Acnc 

ACJD* 


ACBTIC  ACID. 


Barytes 

Potash 


mt^mm 


*'•  m 


XXXL 

PRUSSIC  ACID. 


MetaUicQxicks 

■MM**** 


XXXIL 
•  oxiDm«v 

GOLD* 

iSther 
Vcids 

Muriatic 

Nitric 

Sulphttiic 


Fluoric 

Tcutaric 

PhospWic 

Pruseic 
Ptxed  Alkalies 
Ammonia 


XXXIIL 

OXIDE  or 
SILVER. 


Acids 
Muriatit 
Oxalic 
Sulphoric 


baccno-Iacuc 
Phosphoric 
Nitric 
Arseaio 
Fluoric 
Tartaric 
Citrio 
Aeetic 
Succinic 
Prussic 
Carbonic 
Ammonia 


XXXIV. 

OXIDBOf 
PLATIHA. 

iEtber 
Acids 

Muriatic 

Nitric 

Sulphufie 
'  Arateic 

Fluoric 

Tartaric 

Phosplwrie 

Oxalic 

Cilrie 

Acetic 

Siicciflic. 


imtmmmm 


XXXV. 

OXIDBOy 
QUICKSILVER. 

Acids 
Muriatic 
Oxalic 
Succinic 
Phosphofie 
Arsenic 
Suiphoric 
Sacchoip|iie& 
Tartaric 
Citric 


Mta. 


ym 


-^  AFiumr. 
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Nitric 

Flnoric 

Acetic 

Borecic 

Prussic 

Carbonic 


I 


Citnc 

Acetic 

BonicJc 

PriAsie 
Carbonic 


XXXVI 

OXIDE  OV 
COPFBR. 


Acidls 
OxfOic 

Tartaiic 

Momtic 

Siri|iinrric 

Sacche^kctic 

Nitric 

Arsenic 

Phosphoric 

Succinic 

Fluoric 

Citric 

Acetic 

Boracic 

Pnusic 

Caibonic 
Fixed  Alkali 
AmmoDia 


XXXVIU. 

OXIDE  or 

TIN 


Ti 

.   Carb(Hiic 
Fixed  Alkttli 

•  m  I    ■>■     I  I    I 

XL. 

OXIDE  or 
zmc. 


i^arbonie 
lABiQuwia 


Acids 

Tartaric 

Munatie 

Sulphuric 

Oxalic 

An^MQ 

Phosphoric 

Nitric 

Baccinic 

Fluoric 

Sacch*-hbctic 

Ciliie 

Acetic 

Boracie 

PniMio 
Fixed  Alkaa 
Ammonia. 


Acids 

Oxalic 

Sulphuric 

Muriajtie 

Saccfaovkdic 

Nilric 

Tartaric 

Phospbocie 

Citric 

guccinie 

Fluoric 

Ars^ic 

Acetie 

BoracM 

Protsie- 

Carbonic 
Ammooia 


XLII. 

oxrDE  ov 

C0fiAI.T* 

The  same  as  in 
NO.  41*      ' 


III!  mn*****»^ 


XUII. 

OXIDE  Of 
XAHOAmSB* 


XXXVll. 

OXIDE  off 

iBOir. 

Acids 
Oxalic 
TaHaric 
Sulphuric 
Saccho-lactic 
Mntiaxu: 
Nitric 
Phosphoric 
AtsMc 
Fluoric 
Succinic 


XXXIX. 

OKUmMh 
LEAD. 


Acids 
Oxalic 
Tartaric 
Citric 
Fluoric 
Phosphoric 
Nitric 
Sulphuric 
Munatie 
Arsenic 
Acetic 


Acids 

Sulphuric 

Saccho-lactic 

Oxalic 

Arsenic 

Tartaric 

Phosphoric 

MtiriaSie 

Nitric 

Fluoric 

Qitfic.  ' 

Acetii: 
I    Boracic 


XLL 

OXlAfl  Of 
VJGKEL. 

Acids 
Oxalic 
Muriatic 
Sulphuric 
Tartaric 
Nitric 
Phosphoric 
Fluoric 
Saccho-lactic 
Succmic 
Citric 
Acetic 
Arsenic 
Boracic 
Prussic 


XLIV. 
OXIDE  or 

ARSBKfC. 

> 

Acids 
Moriatfc 
Oxalic 
Sulphuric 
Nitric 
Tartaric 
Phosphoric 
Fluoric 
Saccho-lactic 
Sacchiic 
Citric 
Ars6iuc 
Acetie 
Prussdc 
iLmmonia 
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XLy. 

.OXIDE  or 

BISMUTH. 


Acids 

Oxalic 

Arsenic 

Tartaric 

Phosphoric 

Sulphuric 

Muriatic 

Nitric 

Fkioric 

Saccho-lactic 

Succinic 

Citric 

Acetic 

Prussic 

Carbonic 
Ammonia 


XLVI. 

OXIDE  OP 
AKTIMOMT. 


AcicU 
Muriatic 
Oxalic 
Sulphuric 
Nitric 
Tartaric 
Saccho-lactic 


Phosphoric 

Citric 

Succinic 

Fluoric 

Arsenic 

Acetic 

• 

Boracic 
Prussic 
Carbonic 
Sulphur 


XLVII. 

OXIDE  OP 
TELLURIUM. 


Acids 

Nitric 

Sulphuric 
Sulphur 
Alkalis 
Quicksilver 


XLVill. 

•  OXIDR  OF 
TITAN  lU  IT. 


Acids 
Sulphuric 
Nitric 
Muriatic 
Prussic 


I       XLIX. 

OXIDE  OP 
URAKIUU. 

Acids 

Sulphuric 
'    Muriatic 

Nitric 

Phosphoric 

Acetic 

Prussic 

Carbonic 
Sulphur 


L. 

ALKOROL* 


Water 

/Ether 

Volatile  Oils 

\mmonia 

Fixed  Alkalis 

Sulphur 

Muriates 

LI. 

£TBSR. 


\lkohol 
Volatile  Oils 
Water 


LIU 

VOLATttB 
OILS.  . 


^Ether 
\lkohol 
Fixed  Oil 
Fixed  Alkalies 
Sulphur 


LUI. 

FIXED  OlLSl 


Lime 

Metallic  Oxides 

/Ether 

Volatile  Oil 

Fixed  Alkali 

Volatile  Alkali 

Sulphur 


To  these  tables  may  be  added  die  tables  of  Kirwan,  re- 
presenting the  quantities  of  the  principal  acid*  required  to 
neutralize  tlie  alkalis  and  earths,  and  the  quantities  of  these 
requisite  tb  saturate  tlie  acids ;  the  results  iu  both,  dioogb 
not  perhaps  perfectly  correct,  being  important  bpth  in 
themselves  and  in  their  relation  to  the  question  with  re^ 
gard  to  the  forces  o^  chemical  affinity. 
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A  tabic  founded  on  the  experiments  6f  Ridltef  b  like- 
wise of  vnlue)  from  the  simplicity  of  its  construction^  and  its 
extensive  power  of  implication.  It  consists  of  two  ccdilnuisy 
one  composed  of  the  ^ddB^  the  othet  of  the  alkaEs  and 
earths^  with  numbers  annexed  to  each,  snd  is  thus  to  be  ' 
understood :  If  an  astide  in  one  of  the  columns  be  tidceti, 
suppose  potash  in  the  first,  to  which  the  number  1605  be- 
longs, the  numbers  affixed  to  the  names  of  the  substances 
in  tlie  other  column  will  show  how  milch  of  cMcb  ^  these 
is  reqoiffilte  to  saturate  these  1605  parts  of  potaisb:  they 
wiOrequire,  fof  example,  427  of  fluoric  add,  &77  6t  cea> 
bonk  addy  8pc.  If,  ag&ifif  we  take  an  article  of  the  se^ 
con4  column,  the  first  will  indicate,  in  the  same  manner^ 
how  much  earth  or  alkali  will  be  required  to  neutralize  it. 
It  is  easy  by  calculation  to  reduce  these  numben  in  aii^ 
case  to  100  parts.' 


Bases. 

Acids. 

*  0      ' 
1 

.    ArgU. 

525 

t                                    '                        ■                                                   1                       ■       ■!         1 

flaaric. 

«7 

Magnesia, 

615 

Carbonic, 

577 

Ammonia, 

672 

Sebacic;    ' 

706 

Lime, 

793 

Muriatic, 
Oxalic, 

7is^ 

SocU, 

859 

755 

Strontites, 

1329 

Phosphoric, 

m 

Potash, 

l605    . 

FortDic, 

.    9SS^ 

Barytes, 

2222 

Sulphuric, 

IjDOO 

Succinic, 

1^09 

%f 

Nitric, 

1405 

Acetic, 

1480 

Citric, 

1683 

^ 

TartarecHis, 

»  1^94 
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BOOK  n. 

01  REPULSION,  AND  THE  POWERS  BY  WHICIf  IT  IS 

PRODUCED. 


X  HE  attractions  which  are  exerted  between  the  minute 
particles  of  matter,  are  counteracted  by  certain  forces  of 
tepulvion,  and  by  these  the  arrangements  and  co^nbina- 
tions  to  which  the  former  g^ve  rise  are  fnodified  or  sub- 
rerted.  Their  operation^  therefor^t  is  important  in  the 
production  of  chemical  phenomena. 

Of  these  repulsive  forces^  the  most  general  in  its  ageni^ 
cy  is  the  power  of  Heat>  or  what  chemists  denominate 
Caloric.  Hiis  power  is  present  in  all  bodies  t  it  is  capable 
of  being  increased  or  diminished^  and  this  increase  anddi* 
minution  are  accompanied  with  corresponding  changes  ii| 
the  distances  at  which  the  particles  of  bodies  are  placed. 
Galvanism,  a  principle  lately  discovered,  likewise  exerts  a 
repulsive  agency,  and  is  even  more  powerful  than  heat  in 
subverting  chemical  combination.  With  these  agents^ 
Light  has  an  intimate  connection.  Its  matenality  is  in* 
deed  more  decidedly  established,  yet  still  it  is  doubtfid  if  it 
exert  Any  chemical  afBnities  {  its  particles  are  mufuaDy  re» 
pellent,  and  it  is  not  improbable,  that  in  producing  cbe« 
mical  changes,  it  operates  by  the  repulsion  it^cominuni- 
catcs  to  the  particles  embodies. 


so  ^  OF  CALORIC. 

The  materiality  of  all  these  agents  has  been  maintained. 
The  question,  however,  as  it  relates  to  some  of  them,  is 
far  from  being  determined,  and  they  are  so  far  peculiar, 
that  their  gravity  cannot  be  ascertained  ;  tliey  can  scarce- 
ly be  procirred  insulated,  nor  can  their  combinations,  if 
thty  enter  into  chemical  union,  be  traced.  They  may 
therefore,  without  impropriety  of  arrangement,  be  regarfl- 
ed  as  general  forces  producing  repulsion^ 


CHAP.  I. 


OF  CALOHIC. 


Of  the  sensations  we  experience,  none  are  more  &nu-- 
liar  than  those  of  heat  and  cold*  These  are  excited  by 
bodies  a{q)lied  tothe  organs  of  sense,  and  with  regard  to 
this,  no  &ct  is  more  fiimiliar,  than  that  the  same  body  ex- 
cites at  different  times  very  diiferent  degrees  of  these  sen- 

« 

sations.  The  infereilce  from  tliis  is  obvious,  that  the 
power  of  producing  the  sensation  does  not  strictly  belong 
tp  the  body  appUe^s  but  depends  on  some  principle  or 
power  which  it  contains,  and  which  is  capable  of  being  in- 
creased  or  diminished ;  the  increase  or  diminution  of  it  in 

any  particular  substance  being  accompanied  with  corre- 

> 

sponding  changes  in  the  power  of  producing  these  sen- 
sations. We  thus  arrive  at  the  conclusion,  that  ther^ 
ei(ists  a  cause  of  heat,-*-a  power  or  principle  capable  of 
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t)eiog  oolnmunicated  to  bodies,  and  of  bdiiig  irithdi«#ti 
firom  them*  ,  We  can  easily  observe  the  transfer  of  it  from 
one  to  anoth^i  fbr  by  Inringing  a  cold  bbdy  into  coMnU"' 
nication  with  a  hot  one^,  the  latter  commiMiieates  to  th)e 
former^  to  a  certain  extent*  it&  power  of  excitmg  the„  sen- 
sation of  J^iy»rinth,^bfiing  at  the  same  time  pn^rtionally 
ihc  power  it  haa  of  exciting  the  same  sensation  :  and  this 
communicatioii  may  eontinne  to.be  made,  over  any  num- 
ber  of  bodies^  imtil  an  equilibrium  is  estaUished. 

It  is  scarcely  necessary  to  illustrate  this. by  example. 
A  piece  of  iron,  which  haa  been  heated  in  the  fire,  if 
phmged  into  cold  water,  loses  H  portion  of  its  heat, 
which  the  water  ab<{uires  $  the  water  may  eqpaelly  be  de« 
prived  of  this,  and  the  power  be  transferred  to  another 
bo4y. 

.  So  iiii*  the  idea  of  the  cause.of  heat  is  limited^  It  has 
been  ferther  extended  by  Hie  observatbn  of  other  eifeto 
which  it  produces.  When  a.body  is  heated,  it  is  also  ex- 
panded, or  its  volume  is  .enlarged  iii  evexy  direction) 
when  it  is  cooled,  the  volunieis  diminished,}  and  the  dimi* 
tiution  or  increase  of  vQbaae  beara.a  g^ei'al  praj^oition 
to  the  abstraction  or  addition  of  the  peculiar  power  on 
which  these  effects  depend.  

It  has,  lastly,  been  proved,  that  when  this  expansion  is 
carried  to  a  certain  extent,  bodies  change  their  ^rms, 
solids  becoming  liquid,  and  liquids  being  converted  into 
vapours  or  airs. 

These  effects  being  thus  connected,  are  justly  consider- 
ed as  arising  from  the  exertion  of  the  same  power.  It  has 
been   distinguished  by  different  appeUations;   as   Fire, 

Vol.  L  F 


82 


OF  CALORIC. 


Heat,  iht  Matter.of  Heat,  or  the  Igneous  Fhiid,— ^ermtf 
either  anibi^ous^  or  implying  an  hypothesis,  and  there- 
fore superseded  by  the  more  unexceptionable  appellation 
of  Caloric. 

By  Caloric,  then,  is  to  be  understood,  a  power  present 
in  bodies,  the  cause  of  their  expansion,  and  of  their  con- 
version into  the  fluid  and  aeriform  states,  and  whidh^ 
when  present  in  a  certain  quantity,  excites  in  animah  the 
sensation  of  heat,  the  sensation  of  cold  being  also  the  ef- 
fect of  its  abstraction. 

Some  have  considered  this  power  as  a  peculiar  subtle 
fluid  diffused  over  matter^  and  capable  of  entering  into 
every  body  $  others  have  supposed  all  the  phenomena  ex- 
hibited  by  heated  bodies  to  arise  from  a  peculiar  state  of 
these  bodies, — a  vibratory  motion,  more  or  less  violent,  of 
their  minute  particles.  The  question  on  this  subject  will 
be  more  properly  examined  after  the  effects  of  Cabric 
have  been  considered.  It  is  sufficient  to  remark,  that 
whatever  may  be  the  nature  of  this  power,  its  existence  as 
the.cause  of  certain  effects  is  demonstrated ;  and  the^  e& 
fects,  their  relations  to  each  other,  and  the  general  laws 
according  to  which  they  are  produced,  may  be  investi* 
gated  with  sufficient  precision,  though  the  nature  of  the 
cause  may  be  unknown. 
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Sbct.  L-^Ofihe  Distribution  qfCahrie^  and  the  means  (^ 

measuring  Temperature. 

The  state  of  a  body  with  regard  to  its  power  of  produ- 
cing the  e£^t9  which  arise  from  the  operation  of  caloric, 
is  termed  its  Temperature.  In  every  body  the  tempera^ 
tare  depends  on  the  quantity  of  caloric  it  contains.  If,  at 
any  temperature,  it  contain  a  certain  quantity,  the  addi- 
tion of  caloric  raises  its  temperature,  and  its  abstraction 
equa%  ci^uses  a  reduction  of  temperature. 

Some  estimate  may  be  formed  of  the  temperature  from 
the  sensation  it  excites,  but  this  is  extremely  defective. 
It  is  necessarily  very  limited  with  regard  to  the  range  .of 
temperature,  since,  beyond  a  certain  degree,  either  of  heat . 
or  cold,  there  can.be  no  discrimination  -,  and  it  is  also  inac* 
curate,  from  the  sensations  being  so  much  inflnejiced  by 
various  circumstances,  besides  the  direct  cause  by  which 
they  are  excited^ 

The  mode,  therefore,  of  estimating  the  temperature  of 
bodies  by  the  expansion  produced  by  the  operation  of  ca^ 
brie,  was  a  valuable  acquisition.  On  this  is  founded  the 
construction  of  the  thermometer,— en  instrument  of  the 
ftrst  importance  in  all  researches  on  the  subject  of  heat. 
Sanctorius  had  observed  the  great  expansion  which  air 
undei^oes  when  heated,  and  it  occurred  to  him  that  this 
ocpansion  might  a£R>rd  a  measure  of  die  variations  kA  tem- 
perature.   Hie  instrument  he  used  was  a  hollow  glass 
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ball  vith  a  long  cylindrical  stem;  the  open  elid  of  die 
stem  being  inunersed  in  a  liquid,  and  part  of  the  air  ex^ 
pelled  from  the  ball,  the  liquid  of  course  rises  in  the  stem, 
and  by  itp  ascent  or  descent,  as  it  is  pressed  od  by  the  ex-* 
ponded  or  contracted  air  in  the  ball,  shews  the  alterations 
of  volume  which  the  air  suffers  from  change  of  tempera- 
Uire.  This  jjistrument  is  liable  to  be  affected  by  raria- 
tions  from  the  atnioq[^ei'ic  pressure :  from  the  gr^t  ex* 
pansibility  of  air,  too,  it  is  capable  of  measui^ing  only  a 
veiy  limited  range;  from  this  dai|se,  how^vi^r,  it  is  fsxf 
tresaoely  sensible^  and  is  hence  sometimes  used  to  indicate 
mmute  changes  of  teffiptirature.  It  hds  b^en  rendered 
much  more  perjfiacit  by  fin  inventicm  of  Mr  Leslie^  in 
which  two  air  thermometers  are  joined  together,  so  as  to 
foiTn  ft  curved  tube  with  a  ball  at  each  eXtTfaa^^  repre- 
sented fig.^  17.  y  Ae  elasticity  of  the  air  in  ogae  ball  exac% 
counterbalances  that  of  the  air  in  the  other,  and  the  colunm 
of  coloured  liquid  bet;wee&  them  remits  in  e^ililmuBU 
Blit  when  one  ball  receives  h^at,  the  air  inclosed  in  it  be- 
ikig  expapnded,  presses  more  forcibly  on  tliis  liquid,  cause* 
it  to  descend  in  the  stem  connected  with  this  ball,  and  to 
rise  in  the  other.  This  Mr  Leslie  has  named  the  Di£fe- 
rential  Air  Thermometer. 

The  thermometer  was  rendered  nmch  more  manf^;e- 
able,  and  capable  of  more  extensive  application,  by  ^bsti^ 
tuting  a  liquid  as  the  measure  of  eiiqpaiision,  and  indosiJiig 
it  in. a  tube  hermetically  sealed.  Spirit  of  wine  ecdqared» 
md  ^piicksilver^  are  thc^  liquids  |isua%  employed  $  the  lal* 
t^  is  the  most,  accurate,  as  its  expansions  correqxMnd 
most  accurately  with  increments  of  temperature,  and  being 
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lessvolotife^itcanineasixreinudi  hi^ier  tempesratiires  ;  tbe 
form^  Bj^pia  has  tbe  adTantage  of  iodicaring  bfner  (em^ 
peraturefty  as  it  doesnol  odogeal  even  at  the  mqst  inte&se 
cold  hitherto  observed^  The  instilmifiit  vidt  either  ie» 
eomtructed  fay  filHtig  a  glass  ba]I»  iinom  which  a  cylindrical 
sfceni  of  a  very  itarrdw  dsaipeter  issiie%  with  the  Mquid>  so 
that  it  shaB  rise  jfuortJy  in  the  stem ;  the  open  extrennty  is 
then  closed.  If  the  ball  of  the  instrument  be  pbiced  in 
contact  with  a  hot  body,  it  receives  caloric,  th^  liqajd 
within  is  expanded^  iqid  rises  in  the  stem,  the  rise  con- 
tinning  qntS  the  thennometrical  liquid  attain  the  temperiK 
tare  of  the  matter  around  it.  When  m  ccmtact  with  a 
cold  body,  caloric  is  in  like  manner  abstamcted  from  it$ 
the  liquid  contracts  and  descends  in  the  stem ;  and  by  a 
measursd  scale  attached  to  t3ie  stem,  the  rise  and  fi|D,  and 
the  precise  point*at  which  the  liquid  stan4s»  indicaling  <^ 
course  its  temperature,  as  well  as  the  temperature  of  the 
body  applied  to  it,  are  ascertained. 

A  difBcuI^  was  experienced  in  the  construction  of  the 
scale,  that  of  rendering  it  uniform,  so  that  the  d^rees  on 
one  ibstrument  should  correspond  with  thoife  pn  another. 
This  was  remedied  by  the  discovery  of  certain  fixed  points 
in  die  scale  of  temperature  always  the  'same,  and  ttdm  * 
which  the  scale  may  be  formed.  The  points  nsuliHy  taken 
axe  those  at- which  water  freezes,  and  at  which  it  boibl  If 
the  thenhometer  be  immersed  in  freezing  water,  or  rathcar 
in  mefting  snow  or  ice,  the  fiquid  will  stand  at  a  particn- 
kr  part  in  the  stem^  If  it  be  plunged  in  water  boiling 
under  a  mean  barometrical  pressure,  it  will  rise  and'  be* 
comis  stationary  at  another  part ;  Bjid  however  these  ex** 
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perimento  be  dhrcrsified,  the  liquid  will  ^always  be  6to» 
tionary  at  these  points.  Iffow,  it  is  obvious^  that  die  fsprnx 
between  them  maybe  divided  into  any  nvndier  of  degrees;; 
and  if  the  instnunoit  is  graduated  in  this  manner,  the  de» 
grees  in  every  thermometer,  if  the  same  number  be  ob- 
served, will  always  be  the  same ;  and  the  scale  also  may  be 
prolonged  in  each  by  similar  degrees  bdow  the  fireeaing 
point  of  water,  so  as  to  denote  low  temperatuies,  and 
above  its  boiling  point  to'express  higher  tenqieratares. 

The  scale  thus  constructed  being  arfaitnury,  diflfercnt 
forms  of  it  have  been  introduced.  Inthis  comnAry  we  use 
generally  the  scale  of  Fahrenheit,  a' German  artkt.  The 
space  between  the  freezing  and  boiling  points  of  water  he 
divided  into  180  degrees ;  but  instead  of  eommeneiiig  the 
numeration  of  its  degrees  at  die  lower  point,  the  freezing 
of  water,  he  b^an  it  stiU  lower  in  the  scak  of  tempera- 
ture, or  at  that  degree  of  cold  whidi  is  obtained  frcMu  a 
mixture  of  snow  or  salt.  The  ^Mtce  between  this  and  the 
freezing  point  of  water,  when  divided  iirto  degrees,  such  as 
those  between  die  freezing  and  die  boiling  points,  gives 
32  degrees  \  the  freezing  point  df  water,  therefore,  is  on 
this  scale  marked  d2,  and  the  boiling  point  212^ 

The  scale  of  Reaumur  is  rather  more  simple.  It  com- 
mences at  the  freeang  point  of  water,  which  is  therefore 
marked  0,  or,  as  it  is  named,  zero.  The  space  between 
diis  and  the  boiling  point  c^  water  is  divided  into  80  de- 
grees; the  latter  therefiMre  is  marked  the  80th  degree- 
More  lately  a  similar  scale  has  been  introduced  in  France, 
only  the  space  between  the  freezing  and  boiling  of  water  is 
divided  into  100  degrees ;  it  is  hence  named  the  G^d-y 
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grade  scale.    This  last  is  perhaps  the  ttiore  natural  divi^ 
sion,  aiid  hence  some  of  the  Chemists  of  this  country  have 
been  disposed  to  adopt  it*     Fahrenheit's  scale,  however, 
arbitrary  as  it  is  in  its  c<mstruction,  has  two  very  impor- 
tant advantages :  its  degrees  are  mUch  smaller  than  those 
of  the  others,  and  observations  with  it  are  therefore  more 
minate;  and  the  commencement  of  its  nmnersticm  being 
low,  there  is  seldom  any  necessity  of  expressing  degrees 
below  this :  we  avoid  therefore  the  ambiguity  of  negative 
degrees.    If  a  new  scale  were  attempted,  we  mi^^t  find 
one  perhaps  muting  .every  advantage  in  taking  the  freez- 
ing and  boiling  points  of  ^quicksilver,  the  usual  thermome- 
trical  liquid,  as  diose  from  which  the  d^rees  are  to  be 
numbered,  dividing  thespace  between  them  into  1000  de- 
^ees.     Hie  division  would  thus  be  more  simple  than  that 
of  Fahrenheit :  the  degrees  would  be  sdB  smaller,  without 
bong  .too  much  so  for  observation  ;*  the  coounenoement  of 
the  numeration  would  be  lower,  and  it  would  correspond 
nearly  with  the  lowest  natural  temperatureu  And  although 
the  scale  was  constructed  in  rdation  to  these  pointy  .the 
actual  giaduation  of  the  theimometer  might  still^be  CKe- 
cuted  in  the  usual  manner,  from  the  freeadng  and  boiling 
points  of  water,  it  being  onfy  necessary  to  determine  care- 
fully with  what  numbers  on  the  new  scale  these  points 
correspond. 

Two  standard  points  being  fixed  in  all  these  scales,  it  is 
easy  to  estabhiph  their  cosrespcmdence.  Each  d^ree  of 
Fahrenheit's  is  equal  to  ^-ths  of  a  degree  of  Reaumur's, 
If,  therefore,  the  number  of  d€frree8  of  Fahrenheit's,  either 
^bove  or  bebw  the  fireesdng  point  of  water,  be  multiplied 


88  OP  CALORIC. 

by  4>  and  divided  by  d,  the  quotienit  mSL  be  the  om^ 
responding  number  in  Reaumui's  scak.  To  faring  thoae 
of  Reaumur  to  FahraiheifB,  they  must  be  midtifdied  fajr 
9,  and  di^ed  by  4.  Each  degree  of  Fahrenheit^*  scale 
is  equal  to  fths  of  a  degree  of  the  centigrade  scale ;  to  find 
the  correflpondenee,  therefore,  these  numbers  are  to  be 
used  as  in  ihedbove  femnda. 

In  employing  expansion  as  a  measure  of  tea^erator^ 
one  ^ry  essential  pcrint  is  to  be  determined,  -  befrre  Ae 
accuracy  of  tihe  method  can  be  admitted :  it  is  whelfaer  tbo 
expansion  and  contractioii  correspond  exactly  with  ral 
mcrements  and  decrements  of,  temperature*  If  a  AermoK 
metric  liquid,  from  a  given  augmentatioti  of  tenqieratiire, 
say  10  d^^^rsea,'  expand  more  at  one  part  of  the  scale  dian 
iBt  am^er,  then  ihe  indications  irom  its  changes  of 
tohune  cannot  be  aoeusate.  This  subject  has  often  en- 
gaged the  attention  of- CSbemists^  and  the  residt  of 'their 
researdies  is,  that  the  different  thermoBsetricai  liquids  do 
not  expand  unilmnly  as  the  t^nperature  rises,  but  in  an 
increaring  ratio,  or  that  fton>  a  given  increment  of  tem- 
peratmre  they  suAsr  a  greater  expansion  at  a  high  than  at 
a  low  part  of  the  scale  of  heat.  '  The  expansions  of  quick* 
silver  are  most  r^ular,  and  hence  it  gives  the  most  acou- 
raPte  indications.  Even  these  are  not  perfectly  so,  but  ex* 
ceed  progressively,  as  the  temperature  rises,  the  real  tem- 
peratnres.  To  render  the  thermometer,  therefore,  per-^ 
fecdy  accurate,  the  degrees  on  its  scale  ought  to  be  ac-« 
commodated  to  the  progf esrive  expati$ion ;  but  there  k 
stiD  same  degree  of  unoertainty  as  to  the  amount  of  the 
error,  and  from  the  mode  in  wtndi  the  scale  is  gradtcated. 
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its  extent  is  less  haxportmti  as  die  two  cactranepointsi  the 
freen^  and  boifing.  of'vwber,  ubb  acouratefy  fboed,  w»i 
tfae^  amomit'  of  the  ecfor^  6am  tibe  fopegtemve  expannon 
bctweuB  theses  is  di?ided  anoiigtiie  intennediate  degrees. 
It  if  gremtttf  tbeciefbre,  at  die  mean  d^ee ;  them  it  is 
^uat,  aeoording  to  He  Lac^  to  S  degreed  of  Fahtenh^t; 
according  to  Crawfordy^not  m<»e  than  one  degree. 

.  To '  meamn^  very  hig^  temperatures^  other  mathod^ 
must  be  ^ftayedi  An  ingenioas  cne  yna  pi^oposed  I»^ 
Newton,  iNoidisd  on  obserring  the  times  of  cooling  in  ii 
bodyriRdudi  has  been  at  a-high  heat,  until ihe  tonqpettttuie 
to  wfaidi  it  fidb'Can  be  ascertained  by  a'th^nndmeter, 
prooeoflUng  on  the  assumption  that  die  tinies  beii^  taken 
in  aridmnedcal  progression,*  die  deeram^ils  €^  tempentare 
are  in  geometricfll  progression.  Various  methods,  too,  of 
apphpin^  the  expaasicms  of  solids-  i^  diis  puipDse,  faanre 
been  eontriTed,  fiunnhing  diffimstt  pytbmeibSM.  Birt  the 
mode  whsdhi  has  been  rt^rded  as  most  pmeticable  and 
accuiute  is  l^t  aflbrded  by  die  pyrometer  of  Wedgwood. 
iTus  18  firanded  <m  a  singuiar  propsoc^  bdongiBg  to  .oiay, 
diat  it  oontraols'  instead  of  expanding  fay  beat,  the  c(mi- 
tracdon  remaining  permanent  even  wh^  the  heat  has 
been  withcliuwn.  To  apply  this  a  gage  is  emp)oyedj 
formed  of  two  straight  rods  of  brass,  34r  inches  long,  di* 
vided  so  as  to  form  a  scale  into  inches,  subdivided  intp 
tenths,  and  fixed  on  a  brass  plate  sp  as  to  ocmvet^  the 
distance  between  them  tsdaigfiveM:endis  of  an  inch  at  en^ 
eternity,  and  dii%e4endib  at  the  odier.  A  small  cyliii- 
der  of  clay  is.framed,  so  as  to  enter  thewide  end  of  the 
gfoore,  after  it  has  been  bak^  by  a  moderate  heat :  ^en 
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it  is  ezpoe^  to  an  intense  lieat,  it  is  contracted  in  w* 
kwe,  and  of  oourse  enters  &rtJier ;  and  the  degree  of 
heat  con  tbus  be  estinated  bjr  the  scale*  The  oomiBenoe- 
ment  of  this^scale  is  at  the  point  of  ignition  visible  in  daj 
li^t ;  which  ovresponds,  acoordmg  to  Mr  Wedgwood's 
estimate,  with  1077J-  of  Fahrenheit;  and  each d^ree  cf 
the  scale  he  considers  as  equal  to  ISO  degrees  of  Fafareik- 
Jiieit'$.  Theije  is  reason  toidcmbt  if  thi^  pyrometer  is  ac- 
curate :  it  is  not  ascertained  if  the  contractions  of  the 
clay  are  equable,  and  any  ecror  from  this  sonrce  is  not 
gaarded^iainst  by  ihe  graduation  being  made  from  cer« 
tain  fixed  points.  It  is  useful,  however,  ia  giving  certaia 
stages  of  temperature,  marked  by  peculiar  eflects,  as  bj 
the  fusion  of  the  diffoeent  metak^ 

Since  the  employment  of  the  thermometer^  or  radier  of 
die  expansion  of  bodies  as  a  measiure^  their  tempevatmne^ 
more  Just  and  enlarged  viewKB  have  been  acquired  of  the 
distribution  of  caloric  While  the  pfoperty  of  exxdtuig 
the  sensation  of  heat  was  die  only  one  by  which  that 
power  was  <jiaracteriged»  it  seemed  a  just  conduaion,  that 
those  bodies  winch  did  not  excite  that  sensation  contained 
none  of  it  ^  and  this  was  then  the  philosophical,  as  it  is 
still,  perhaps,  the  populspr  opinion.  Its  fiJlucy,  'howevjcr, 
is  easily  demonstrated. 

Thi^  the  sensation  which  bodies  excite  is  no  just  indi- 
cation -qf 'the  quantity  of  caloric  they  omtain,  will  be  ap^ 
fiarent  from  eonsidiring  die  manner  in  which  these  saisa- 
tions  are  o^oited.  The  temperature  of  the  humim  body  is 
generally  about  96"  of  Fahrenheit  When  «ny  substance 
at  a  higher  t^nperature  than  this  is  applied  toour  organs, 
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it  gives  eakkrie  to  tlie  part  to  which  it  is  affiled,  and  this 
excites  the  sensation  of  heat :  when  it  is  of  a  lower  tem-^ 
penKtiue,  it  abstracts  caloric,  and  this  gives  rise  to  the 
sensatioa  of  cokL    Our  sensations,  however,  are  all  in* 
flaenoed  by  preceding  impressions.     Our  body  is  snr- 
Knuided  with  an  air,  at  a  temperature  generaDy  inferior 
to  the  animal  tonperature  :.it'is  therefore  always  abstract- 
ing caloric.    Hence  it  happens,  that  if  any  substance  is  ap- 
plied to  the  body  infiarior  to  its  temperature,  but  superior 
to  the  temperature  of  the  smrounding  atmosphere,  the 
abstraction  of  caloric  which  it  produces  is  inconsiderable^ 
and,  compared  with  the  impression  which  the  air  makes 
upon  us,  it  seems  positively  warm.     In  general,  ther^fe, 
it  nmy  be  afibmed,  that  whatever  communicates  caloric  to 
our  body  produces  the  sensation  of  heat,  and  that  what* 
ever  dbstract^it  causes  the  sensation  of  cold ;  but  diis  ab- 
stradion  requires  to  be  greater  than  that  made  by  the  sur* 
roonding  ^mosphere,  in  order  to  convey  to  uslhe  sensai* 
lion  of  positive  c<dd. 

It  is  to  be  observed  too,  that  diferent  bodies  at  the 
same  ten^erature  occasion  dilferent  sensations,  according 
to  the  r^idity  with  which  they  absorb,  or  give  out  calo- 
ric. A  piece  of  iron  at  S2  feds  colder  than  a  piece  of 
wood  at  that  temperature,  because  the  former  abstracts 
caloric  from  the  hand,  or  whatever  part  of  the  body 
touches  it,  more  rapidfy  than  the  other* 

From  Aese  circumstances,  it  is  evidoit,  that  the  sensa- 
tion excited  by  a  body  is  no  aoeurate  measure  of  die  calo- 
ric it  contains,  and  that  the  sensation  oS  cold  will  be  eac^ 
cited  by  any  sabslance  whose  temperature  is  in&rior  ta 
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tbat  of  the  animal  body »  tliough  that  .lubstaxiGe  majr,  apd 
Mutually  does  oontain  a  large  quantity  of  caloric. 
That  bodies  at  such  a  low  temperature  contain  it,  is 

« 

evident  fron^  the  fiict  (hat  their  temperatures  can  be  stiH 
farther  reduced*     If  the  thermometer  be  immersed  in  wa- 
ter which  is  freezing,  the  mercury  will  stand  at  S£^  on 
Fahrenheit's  scale  i  but  even  in  the  cold  of  this  dimate,  it 
&IIs  occasionally  mudi  lower.    At  S2^f  thereforcf  the 
mercury  must  have  contained  caloric,  since  it  is  only  by 
the  abstraction  c(  this  power  that  it  could  contract  in  vo- 
lume, and  of  course  descend  in  the  scale.    In  northern 
dimates  it  has  descended  to  46  degrees  bebw  0  of  Fah« 
r^iheit,  or  78  below  the  fireesing  point  of  water.     At  aO 
degrees,  therefore,  above  this,  the  thermometer  must  have 
contained  cabric ;  and  even  at  that  intense  cold,  of  which 
it  is  difficult  to  form  a  just  conception,  it  must  have  con- 
tained much  caloric,  since,  by  artificial  means,  a  further 
reduction  c^  it  could  be  effected  :  And  if  the  thermometer 
contained  caloric  at  these  extreme  colds,  all  bodies  must 
have  contained  it,  since  it  is  the  invariable  property  of  this 
power  to  diffuse  itself,  till  an  equilibrium  of  tepiperature 
is  established. 

Even  at  these  low  temperatures  there  is  no  reason  to 
bdieve  that  bodies  were  near  to  being  deprived  of  their 
caloric,  since  even  then  their  partidesi  must  have  been  fior 
from  being  in  actual  contact ;  and  It  is  only  by  the  repul- 
sive power  o£  cabric  that  these  particles  i^  kept  asunder. 
T1|is  affi>rds  a  more  extensive  view  of  the  distribution  6( 
this  power.  A  solid  body  is  to  be  conceived  of  as  con^ 
osting  of  a  number  of  partides  of  the  same  pature,  kefft 
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« 

ftt  certain  dWances  from  each  other  by  its  agency  or  in« 
ter(X)sition  :  when  a  portion  of  caloric  is  withdrawn,  these 
particles  approach  nearer  to  each  other;  and  hence  the 
difldnutii^n'l^f  volume  that  takes  place.  But  fuiy  conden- 
sation hith^o  effecte^f  is  far  from  that  in  which  these 
partidciB  would  b^  in  contact ;  nor,  perhi^,  is  such  a 
condaisation  ppssibkt 

It  has  fakther  been  established,  that  the  fluid  and 
aeriform  states  of  bodies  are  owing  to  the  presence  of  ca- 
loric :  and  therefore,  as  many  liquids  require  to  be  expos- 
ei  to  the  niost  intense  cold  in  order  to  freeze  them ;  as 
tfa^:^  lire  even  some  which  have  not  yet  been  frozen ;  and 
1KB  tlt^  greater  number  of  the  airs  have  not  been  brought 
ev^n  t6  the  liquid  6tate,  it  is  evident  that  the  lowjest  tem- 
perature which  has  been  produced,  is  far  distant  from  thaC 
|K>int  at  which  caloric  would  be  totally  abstracted. 


sse 
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Caloric,  by  the  repulsive  agency  it  ei^eits,  separates  the 
particles  €X  hod&es  fippm  each  otha*,  and  this  'operation,  is 
prqgnesnve  H^Bigi^  gives  rise  to  the  three  general  efiects  of 
fj^MMOsion,  Fluidity,  and  Viq)oriz8ti<m«  When  a  body  is 
heated  to  a  certain  poiiit,  it  becomes  himinous :  this  Btate^ 
named  Ignition,  is  an  efiect  ajqmrently  unomneoted  with 
ihe  others. 
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0/'  Expansion, 

When  the  temperature  of  a  body  is  raised,  its  vohime 
is  enlarged  in  every  dimension ;  when  the  temperature  is 
reduced,  it  suffers  contraction ;  and  this  e3q>an8ion  and 
contraction  are,  imder  a  general  point  of  view,  propor- 
tional in  each  body  to  the  caloric  communicated  or  ab* 
stracted. 

The  expansion  from  a  given  augmentation  of  tempenir-  1 
«ture  is  'Very  different  in  difierent  bodies.  Generally  q>eak- 
ing,  it  is  greatest  in  those  which  are  most  rare,  and  which 
have  least  cohesion ;  hence,  it  is  very  considerable  in 
aeriform  fluids ;  it  is  less  in  liquids,  but  still  it  is  more 
considerable  in  these  than  in  solids. 

In  attending  to  the  results  more  minutely,  we  find  it  to 
be  very  different  in  diflferent  solids,  as  for  example  in  the 
different  metals ;  and  in  these  differences,  we  can  discover 
little  relation  between  the  expansibility  and  any  phydcal 
or  chemical  quality.  It  has  none  to  the  density ;  and  the 
only  property  with  which  it  can  be  connected  is  the  fusibi- 
lity;  those  which  are 'most  fusible  suffering  the  greatest 
expansion,  though  to  this  also  there  are  exceptions. 

In  liquids,  the  d^ees  of  expansion  from  the  same  ang-  ^ 
mentation  of  temperature  are  not  less  dissimilar,  and  as 
their  expannbility  is  greater,  these  difierences  are  ev&% 
more  conspicuous.  In  general,  those  liquids  that  are  most 
volatile  are  those  which  are  most  expansiUe.  Thus^ 
quicksilver  in  llxe  rise  of  temperature  from  50^  to  100® 
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of  Falirenheit,  is  expanded  about  -rf?  of  its  or^^iBel  vo^ 

harte,  water  t4t»  ^^^  *P*"^  ®^  ^"^^  tt' 

It  might  be  expected  that  a  simiW  diversity  would  ex- 
ist in  the  expansions  cS  aerial  fluids.  Instead  of  this, 
however,  it  appears  to  be  established,  that  the  expansions 
of  all  airs  are  the  same,  from  the  same  augmentation  of 
temperiature.     This*  is  the  result  of  the  experiments  of 

0 

Dalton  and  Guy-Lussac ;  the  expansion,  according  to  the 
former,  amounting  in  all  of  them  to  -^^^  of  the  volume, 
for  each  degree  of  Fahrenheit ;  according  to  the  latter, 
7^.  The  iqppcirent  differences  which  had  been  observed  in 
preceding  experiments  appear  to  have  arisen  from  small 
but  variable  quantities  of  water  being  present,  which,  as-^ 
suming  the  state  of  vapour, -added  to  the  vohune  of  the 
aeriform  fluidr 

Another  important  &ct  to  be  illustrate  with  regard  to 
expansion  is,  that  in  many  bodies  it  is  progressive  with  re- 
gard to  temperature,  or  is  always  becoming  greater  as  the 
temperature  rises.  Hence^  from  a  given  augmentation  of 
temperature,  the  Gcponsion  is  greater  at  a  high  than  at  a^ 
low  part  of  the  scale  of  heat. 

This  is  observed  particularly  in  HqmdlB.  Thus,  dividing 
the  scale  of  temperature  between  32^  and  212^  into  two 
equal  portions,  the  expansion  in  the  higher  portion,  or 
from  122""  to  212%  is  to  that  in  the  lower,  or  from  52  to 
122,  in  quicksilver,  as  15  to  14>,  in  oil  as  15  to  IS,  in  wa- 
ter saturated  with  salt  as  15  to  11.6,  and  in  alkohol  as 
15  to  10.9.  In  all  these  the  expansibility  is  progressive, 
though  in  each  to  a  different  extent.    The  progtesdon 
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becomes  &Iway$  more  considerable  too  as  the  tempeilEiture 
is  higher,  or  rather  as  it  approaches  nearer  to  the  boit 
ing  point  of  the  liquid. 

Since  there  is  this  inci'easing  expansion  in  liquids,  it 
might  be  expected  that  it  would  also  be  found  in  aeridi 
fluids.  The  reverse)  however^  appears  to  be  the  case. 
The  expansion  was  even  observed  by  Roy  and  Daltdi  to 
be,  rather  a  decreasing  pne»  or  to  become  less  as  the  tan* 
perature  rises.  This  apparent  result,  however,  might  bs 
owing  to  the  mercurial  thermometer  not  being  perfectly 
accurate,  but  indicating  augmentations  of  temperature  in 
the  higher  part  of  the  scale  less  than  the  real  augmentSi^ 
tions  /  and  making  alldwance  for  this,  according  to  the 
correction  of  De  Luc,  already  stated,  the  expanaions  of, 
aerial  fluids  will  be  found  to  be  precisely  equable* 

These  apparently  anomalous  &ct8,  I  have  endeavoured 
to  connect  and  explain  by  the  application  of  the  following 
principle :  Expansion  is  not  to  be  oonsida^ed  as  the  result 
mere^  of  the  operation  of  caloric,  btit  as  arising  fix»n  this 
power,  prevailing  so  far  over  the  force  of  cohesion,  which, 
to  a  certain  degree,  always  counteracts  it  where  it  exists* 
And  considering  it  under  this  point  of  view,  these  facts 
may  thus  be  explained. 

The  inferior  expansibility  of  solids  compared  with  thi^ 
of  liquids,  must  be  referred  to  cohesion  being  exerted  ia 
the  former  with  much  greater  force  than  in  the  latter ;  and 
tlie  obstacle  to  the  expansive  energy  of  caloric  beisg  there-* 
fore  more  considerable  ^  while  the  great  expansibility  of  aer 
riform  substances  is  evidently  owing  to  there  being  no  co- 
hesion between  their  particles,  there  is  therefore  no  resis* 
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tance^  and  enlai^onent  of  volume  is  produced,  limited  only 
by  tbe  pressure  under  which  the  augmentation  of  tempera* 
tureacts. 

The  difierence  in  the  eiqpansions  of  different  solids  from 
the  same  rise  of  temperature,  is  evidently  to  be  ascribed  to 
the  various  degrees  of  strength  with  which  cohesion  is  ex* 
erted  between  their  particles.  The  same  cause  must  be 
assigned  for  the  differences  in  the  expansions  of  different 
liquids ;  for.  although  in  these  cohesion  is  weak,  it  stiU  ex- 
ists to  a  certain  extent,  different  no  doubt  in  each*  The 
equability  in  the  cscpansions  of  aerial  substances,  must,  in 
conformity  to  this  view,  be  ascribed  to  the  absence  of  the 
power  •f  cohesion :  Aere  is  in  all  of  them  no  resistance  to 
U„  op^-io.  of  edoric  «d  heoc  d»  »p»«0,  »».  b. 
simply  in  proportion  to  the  rise  of  tanperature,  and  must 
in  all  be  the  same. 

Lastly,  the  uniformity  in  the  expansions  of  aerial  sub- 
stimces  with  r^ard  to  temperature,  while  the  expansion 
of  liquids  is  progressive,  must  be  referred  to  the  san^e  cause. 
In  the  former,  expansion  is  the  ef&ct  merely  of  the  ope- 
ration al  cdloric,^  and  must  therefore  be  proportional  to 
die  augmentation  of  temperature  :  in  the  latter,  it  is  mo- 
dified by  the  force  of  cohesion,  which  is  exerted  to  a  cei^ 
tain  extent :  the  power  of  this  is  progressively  diminished 
as  the  temperature  rises ;  the  resistance  therefore  to  the  ex* 
pfuisive  power  is  becoming  less,  and  hence  the  expansions 
must  become  greater.  It  foUows  from  this  view,  that  in 
solid  substances  the  expansibility  ought  likewise  to  be  pro- 
gressive with  regard  to  temperatui*e.  The  fact  on  this 
pcnnt  is  not  well  ascertained,  though  there  a^e  some  ob* 
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seiratioDs  whidi  appear  to  prove  thdt  it  is  so.  And  aslbr 
force  of  cohesion  is  so  great  in  solidsf  an  elevatioii  of  tem^. 
perature,  even  to  a  considerable  extent,  can  have  less  ef- 
fect in  weakening  it :  hence  the  progression  may  be  so  in* 
considerable,  that  in  the  anall  portion  of  the  scale  thai  can 
be  accurately  measured,  it  may  not  be  easily  ascertained. 

There  ranain  to  be  sisafed  some  exceptions  to  the  lawy 
that  expansion  is  produced  by  the  oommunication  of  calock. 
A  striking  exception  is  in  the  enlargement  of  volume 
that  accompanies  the  transition  of  bodies  from  the  kqmd. 
to  the  solid  form.     This  transiticm  is  occasioned  by  redncH 
tion  of  temperature :  it  ought  therefore  to  be  attended  wi£h 
diminution  of  volume^  or,  if  no  difl^rence  can  be  disaovered' 
between  the  temperature  of  the  liquid,  and  that  of  the  so^ 
lid  formed  from  it,  at  the  moment  <^.foirmatioB,  there, 
ought  at  least  to  be  no  expansion.     The  expansion,  with, 
regard  to  a  number  of  substances,  is  however  very  con- 
siderable.    Water  in  freezing  expands  so  much  as  to  raise 
a  considerable  weight,  or  even  to  burst  metallic  vessds  in 
which  it  is  confined.     This  has  been  su{qppsed  to  arise 
from  the  disengagement  by  freezii^-of  the  portioii  of  air 
whieh  water  holds  loosely  dissolved  y  but  it  takes  place  iriMn 
this  air  has  previously  been  abstracted  as  much  as  posai*-. 
ble,  by  the  action  of  the  air  pump.     It  probs^ly  depends,, 
according  to  the  hypothesis  suggested  by  Mairan,  on  apo* 
larily  in  the  particles  of  the  water,  or  a  disposition  to.unite 
by  certain  sides  in  preference  to  others.    It  is  accordingly, 
observed,  that  in  freezing  the  spicuke  of  ice  shoot  out  ^  a 
certain  angle  ^  and  in  consequence  of  this  anangemait  aa 
enkirganent  of  volume  may  be  jproduoed.   .  The.same  phe* 


OF  CALORIC,  99 

DomBiion  18  diq>)ayed  by  some  other  substances  in  their 
congelation,  tho^;hnot  to  the  same  extent ;  as  by  several 
saliDe  xivtiaoAf  so^hur,  and  among  the  metab  by  iron, 
bismiith  and  antiniony,  and  it  is  no  doubt  to  be  referred 
to  ft  flunilar  cause. 

A  Tery  sin^iihur  phenomenon,  however,  peculiar,  as  far 
<&s  has  been  disooverod,  to  water,  is  estpansk^n,  not  in  the 
actual  process  of  congelation,  but  for  several  d^rees  pre- 
irious  to  the  pdnt  at  which  the  congelation  commences, 
coid  of  course  while  perfect  fluidity  remains.  If  water  be  ^ 
coined  in  a  txHae  adapted  to  lender  sensible  its  changes  of 
voinme,  it  contracts  as  the  temperature  is  reducedv  until  it 
has  fiedkn  to  about  4<0  of  Fahrenheit's  scale :  it  then  be- 
cumes  stationary,  and  if  cooled  farther  it  expands,  and 
continttes  to  eqxand  in  an  increasing  ratio,  until  it  freeze. 
If,  by  avoiding  agitation,  the  freezing  be  prevented  at  die 
usual  tenqieratttre  of  32^,  and  the  water  be  cooled  lower 
ifain  this,  the  expansion  still  continues  to  proceed :  it  has 
been  cooled  down  to  20,  and  even  to  10,  and  elt  the  last 
temperature  it  had  expanded  as  much  as  it  would  have 
done  had  the  temperature  been  raised  to  75,  The  same 
proper^  is  displayed  when  the  freezing  point  of  the  wa^ 
'  ter  has  been  lowered,  by  dissolving  certain  salts  in  it ;  and 
in  this  case  the  expanaion  commences  at  about  the  same 
distaaee  fitMU  the  point  at  which  such  a  solution  freeze^, 
aa  it  does  from  the  usual  freezing  point  of  pure  water. 
,  Thia  sii^ular  property  of  water,  with  regard  to  expan- 
sion,  had  been  observed  at  an  early  period  i  and  Hooke 
aaggested  that  it  might  be  merely  not  a  real,  but  only  an 
apparent  anomaly,  dq>ending  on  the  contraction  of  the 
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oontaining  vesaeL  The  sttme  explanatioii  wai  fffen.  bf 
Mr  Dalton*  The  expaosion  of  water  bang  m  an  increar 
sing  ratio  with  regard  to  temperature,  the  eDntraictions  it 
Buffers  in  cooling  must  always  be  becoming  less  as  the 
temperature  falls.  They  become  at  length  inferior  to  the 
contraction  of  the  containing  vessel ;  whence  apparent  ex- 
pansion will  take  place*  and  for  the  same  reason  th^will 
af^ar  to  proceed  in  an  increasing  ratio  as  the  tempera^ 
ture  £ills.  It  has  been  found,  what  appears  to  be  in  conr 
Saruuty  to  this  view,  that  the  appa;rent  expansion  commoi* 
ces  at  different  points  of  the  thermometrical  scale,  when 
the  experiment  is  made  in  tubes  of  different  kinds,  ap> 
pearingt  for  example,  at  a  higher  part  of  the  scale  in  a 
metallic  tube  and  bail,  than  in  one  of  ^;laas,  the  contrac- 
tion which  the  metal  suffers  from  reduction  of  temperatore 
being  greater  than  that  of  the  glass. 

The  reality  of  this  property  in  water  has  been  estaUish- 
^,  however,  by  Dr  Hope»  by  a  series  of  experiments  exe* 
cuted  in  a  manner  inVhidi  this  source  of  fidlacy  can  have 
no  effect  Thermometers  being  pbced  near  the  bottom 
and  Ujip  of  a  cylindrical  jar  ocmtaining  water,  he  obserfed^ 
that  in  cooling  water  until  it  arrived  at  40^,  die  under 
thermometer  always  indicated  the  lower  temperature;  but 
in  coolii^  it  below  40,  the  reverse  toA  place,  thethemo» 
meter  at  the  sur&ce  indicating  dbe  lower  tenqperature,— « 
decisive  proctf,  that  in  cooling  bdow  this  point  watnr  eK» 
pands,  becomes  therefore  lighter,  and  ascends.  Qr^  in  re- 
versing the  experiment,  by  oonmrnnicating  heat  to  water 
which  had  been  cooled  down  to  38,  the  thermcmieter.  at 
the  bottom  was  always  higher  in  temperature  than  thatt^- 
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wards  tih^snrfiice ;  the  water  fuT'it  became  heated  contract* 
ing  and  ^falling  down*  This  contnraed  until  the  teropen^ 
ture  roee  to  S8^,  then  the  arrangement  wa8  reversed,  and 
die  warmer  water  above  this  appeared  at  the  sur&oe.  It 
is  obvious  that  these  experiments  are  liable  to  no  fiUlacy  ^ 
from  the  contraction  or  expansion  of  the  containing  ye»« 
sel ;  since,  whatever  this  be,  it  must  have  operated  equa% 
on  Ae  whole  cohimn  of  water,  and  they  fully  establish  the  ^ 
eristence  of  this  pecaliar  anomaly  in  water. 

Can  any  cause  be  assigned  for  this  peculiarity  ?  Blagden 
suggested,  that  that  polarity,  or  peculiar  exertion  ot  the 
attraction  of  cohesion  which  unites  the  particles  of  water 
in  a  determinate  manner  in  congelation,  might  begin  to' 
operate  some  degrees  above  the  point  at  which  the  actual 
solidification  takes  place,  and  give  riae'  to  enlai*gement 
of  vcdume.  There  is  reason  to  believe  that  this  even  hsqp* 
pens  with  regard  to  some  otiber  substances  which  eaqxind 
ki  becoming  solid.  Thus,  if  pieces  of  soHd  iron  are  thrown 
into  melted  iron,  they  at  first  float,  from  the  greater  den«- 
sity  of  the  iron  in  die  liquid  state ;  but  in  proportion  as 
they  melt,  they  sink,  probaUy  from  the  temperature  of  the 
liquid  iron  being  reduced  by  their  fusion,  and  from  this 
reduction  bemg  accompanied  with  expansicm. 

One  other  exception  to  the  law  that  boifies  are  fxpand*' 
ed  by  the  action  of  caloric  remains  to  be  stated ;  it  is  ikat 
exhibited  by  clay  and  tKe  pure  eArdi,  argil,  which  is  its 
base,  which,  when  heitted  above  ignition,  contracts  instead 
cif  expanding  as  the  temperature  is  raised,  the  contracti<n:i 
remaining  permanent  ^hen  the  temperature  is  reduced. 
This  mi^t  be  sv^posed  to  depend  on  the  dissipation  of    _ 
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volatile  matter  $  but  the  reverse  df  tUs  is  estaUishedbythe 
circumstance,  that  beyond  a  full  red  heat  there  is  no  lots 
of  weight,  though  the  contraction  continues  to  proceed  &r 
bqrond  this.  It  is  probably  owing  to  the  exertion  of  die 
attraction  of  cohesion  being  fiivoured  by  the  high  tempe- 
rature, in  consequence  qf  whidi,  the  particles  cc«iposiBg 
the  maas  enter  into  closer  aggregation  i  and  according^, 
what  is  in  conformity  to  this  view,  a  d^g^'ee  of  hardness  is 
acquired,  greater  as  the  heat  has  been  more  intense.  Sir 
James  Hall  observed,  that  a  similar  contracticMi  takes  place 
in  chalk  heated  under  compression,  and  this  is  aceani|Mh- 
nied  with  increase  of  hardness. 

0/  Fiuiditjf. 

Whsk  a  solid  substance  is  heated  to  a  certain  tempera- 
ture, the  force  of  cohesion  between  its  partides  is  so  fir 
diminished,  or  is  so  peculiarly  modified^  diat  its  parte  are 
moved  easily  with  r^ard  to  each  other,  or  it  passes  into 
the  fluid  form.  By  a  reduction  of  temperature,  the  par- 
ticles are  again  united  so  as  to  be  subversive  of.  dus 
mobttity,  or  the  body  returns  to  the  solid  stste.  llicse 
duinges  of  form,  therefore,  may  be  rq;aided  asdepending 
on  the  relative  action  of  caloric,  and  of  the  force  of  oohe* 
sion.  Were  cohesicm  only  exerted,  the  particles  of  aB  bo- 
dies would  be  doeely  united,  and  all  would  exist  ik  the 
state  of  greatest  doisity  and  solidity.  Butihis  iscounter- 
acted  by  the  repulsive  agency  of  caloric,  winch,  whtn  in 
sufficient  intensity,  diminishes  cohesicm  so  &r  as  to  pro** 
duoe  fluidity. 

This  pflfect,  however,  does  not  depend  merely  on  the 
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&rce  €f  cphedoA  being  weakened,  but  ako  on  its  fictioii 
jbeing  flo&r  modified,  ^  to  ghre  rise  to  a  different  arrange- 
ment of  the  particle  from  that  which  prevails  in  the  sohd 
state*  Cohesicm  remains  in  the  fluid,  and  it  is  not  easy  to 
determine  to  what  extent ;  for  the  mobility  characteristic 
of  fluidily  may  be  accounted  £>r  on  the  supposition,  that 
the  mutual  action  ai  its  particles  is  equal  ^in  every  directioa 
&t  the  same  distance,  though  a  strong  force  of  cohesion  is 
'  exerted  betwecin  them.  Aiid  that  a  peculiar  arrangement  of 
the  particles  does  take  place  in  the  transition  of  form,  is 
proved  by  the  facts,  with  regard  to  the  expansion  bodiea 
suffer  in  becoming  solid, — facts  inconsistent  with  the  sop-  - 
position  that  fluidity  depends  ^merely  on  a  diminution  lo  the 
power  of  cohesion.  ^Hiis  peculiar  arrangement,  however, 
depaids  on^the  operation  of  caloric  separating  the  parti  ] 
des  <o  certain  distances,  and  allowing  these  modificadoiiB 
in  their  mutual  actions  to  be  established.  Fluidity  is. there- 
fore striedy  and  invariably  the  result  of  the  exertion  of 
tUs  power,  and  no  body  can  be  said  to  be  more  naturally 
liquid  or  sdid  than  another.  In  common  language,  iiK 
deed,  those  bodies  which  are  liquid  at  moderate  natural 
te^iperatures,  are  said  to  be  frozen  gt  congealed  when 
they  become-solid,  and  those  which  are  usually  solid  are 
said  to  be  melted  when  they  have,  been  rendered  liqpd, 
implyiBg  iK>me  distmctbn  between  them.  Birt  this  du- 
tinetion  is  merely  rcdative,  and  dqpends  cm  the  different 
tempeiBtmwB  at  which,  from  the  different  degrees  of  force 
mth  which  cohesion  is  exerted,  these  states  are  assumed. 

•Thou^  every  substance  would  undergo  the  change  of 
•fluidity  fr«»n  the  action  of  heat,  it  often  happens,  with  re* 


104  OF  CALORIC 

gard  to  cbmpomid  sabetanceB)  that  tbcy  are  deoofiifNMtti 
at  a  lower  temperature  than  that  Whidi  is  neeewaty  to 
mek  them.  But  if  this  decomposition  be  presented,  dtejr 
may  be  fused.  This  is  well  exemplified  in  the  fasicm  of 
chalk  or  limestone,  by  heat  applied  under  eompressicHit 
so  to  prevent  the  dissipation  of  the  aerial  matter  whi<di 
enters  into  the  composition  of  these  substances :  and  in 
this  case»  the  aerial  ingredient  seems  to  share  its  fiicifityof 
being  acted  on  by  caloric  with  the  solid  ingredient,  and  to 
communicate  to  it  greater  fusibility. 

Fluidity  differs  from  expansion  in  the  circ^imsttticetlMit 
it  is  not  progressive,  but  takes  place  suddenly,  and  at  « 
precise  temperature :  the  solid,  even  at  one  degree  kyw<er 
than  its  melting  point,  having  no  appearance  denoting  ap* 
proaching  liquefaction ;  and  the  liquid  at  as  smaffl  a  dis* 
tance  from  its  fireezing  point,  retaining  apparent^  imn»* 
paired  its  characteristic  mobility.  This,  however,  is  n«t 
universal,  there  being  some  substances  which  pass  tiifoagh 
an  intermediate  stage  of  softness  and  viscidily,  of  whMi 
we  can  even  mark  numerous  shades. 

The  process  of  congelation  is  influenced  hy  certain  cir- 
cumstances besides  the  reduction  of  temperature.  If  agi- 
tation be  avoided,  a  liquid  may  be  cooled  a  number  ef  de* 
grees  below  the  temperature  at  whidi  it  usually  beocttMa 
solid,  without  congealing ;  water,  for  example^  can  thoa 
be  cooled  easily  to  28%  or  25^  ;  it  has  been  cooled  even  to 
15^  or  10^)  but  the  momcmt  it  is  agitated  when  thus  cool- 
ed, congdation  takes  place,  and  the  tmnp^rature  rises  to 
the  usyal  freezing  point.  The  kind  of  agitation  whkh  haa 
this  efifect,  is  rather  that  i^hich  produces  a  yibmAm  a* 


OF  CALORIC.  105 

mo^  ibe  pffftides  of  the  liquid  than  that  which  moves 
the  whole  xaass.  Another  circumstance,,  which  has  an  im- 
povtwt  influence  on  ccHOigelationy  is  the  presence  of  loose 
IMulbicles  of  aolid  matter,  and  especially  of  the  samekind 
of  nintter  with  that  which  is  to  be  congealed.:  thus  the  in<- 
trodttction  of  the  smallest  partide  of  ice  into  water  cooled^ 
ev<ai  a  little  below  S2^,  causes  it  instantly  to  freeze. 

The  influence  of  these  circumstances  is  to  be  explained 
by-oomidering  congelation  as  a  species  of  crystallization 
luriaing  fifom  the  particles  of  the  liquid  uniting  in  a  detail 
BMBale  maaner*  Mere  reduction  of  tem^rature  causei^ 
tho  panideB  of  the  liquid  to  approach  in  tliat  direction 
leMt  faromttUe  to  the  exertion  of  that  modified  attraction 
by  which  they  are  to  be  united  in  the  solid*  Agitation, 
by  Ae  various  motions  it  oupresaes  on  the  particles,  places 
sone  of  thW  in  that,  direction  in  irhich  th^  are  more 
djqpMised  to  wte ;  and  a  solid  particle,  or  rather  a  smaH 
aQ)J4  niasa,  aflbrds  a.  smibce  whence  attraction  can  be  es&> 
erted  with  more  effect,  and  which,^  when  it  does  oom- 
nience,  will  proceed  rapidly  through  the  whole  mass/ 

JDuiiag  liq^6GlCtion,  a  quantity  of  caloric  is  absorbed 
without  producing  elevation  of  temperatMre,— -4m  important 
phenomeiMm  mono  strictly  connected  with  another  part  of 
the  hislory  of  cak^jc,  and  therefore  to  be  afterwards  ooii» 
akkred. 

'Of  Vaporization, 

The  tenn  Vi^iui^oii  is  q^ed  to  daiote  that  change 
in  which  a  body  passes  into  the  form  of  vapour  or  air.  It 
a  the  immediate  eflfoct  of  the  aotion  of  caloric.    The  ex- 
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pansive  energy  of  tbis  power  separates  the  paitkfes  et 
dies  to  greater  distances,  until  the  force  of  cdkkakn^  pvo* 
gressively  weakened  is  entirely  overcomey  and  a  rcpnhky 
is  establidied  between  the  particles.  Tliese  reoedk^firona 
each  other,  the  body  becomes  extremely  rare,  and  UgUy 
elastic,  and  thus  passes  into  what  is  nailed  the  AmSonm 
or  Gaseous  State. 

In  general,  bodies  pass  into  this  state  ft&m  the  Squid 
form,  and  there  is  often  a  considerable  range  of  temperas 
ture  between  the  two  stages  at  which  these  diaoges  of 
f<nin  happen.  In  some  cases,  however,  sefids  pass  JM# 
.the  state  of  vapour  without  becoimng  previmifliy  fiqpid^ 
tiiough  if  thdr  vaporiasation  be  prevesited  by  pwssufedwy 
suffer  liquefaction. 

Elasticity,  or  the  oapabiUty  of  being  reduced  by  preBsilie 
into  a  smaller  volume,  and  of  expanding  when  thatpiea^ 
sure  is  removed,  is  the  distinguishing  property  of --boiiifiB 
existing  in  this  stat^.  lliey  all  possess  it  in  a  higbd€f[rB& 
A  moderate  compression  very  sensibly  reduces  Aeir  vo^* 
hune;  an  abstraction  of  exterQal  pressure  is  followed  by  a 
great  degree  of  expansipn.  lliie  elastieily ,  too^  i»,  much 
increased  by  the  farther  operation  of  caionc )  henoBf  v«ry 
moderate  dianges  of  temperature  in  the  aerifofm  flliids 
we  accompanied  with  very  consideraUe  changes  of - 
lume,  and  under  high  temperatures  they  beobme 
nical  agents  of  great  power,  from  the  elastic  force  they  ex- 
ert. '  '    '        . 

Rarity  is  another  prope^  characteristic  of  this  form. 
The  particles  are  separated  to  such  distances,  that  the 
portion  of  gravitating  matter  in  agiven  vohime  is  coib^ 
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rtdvety  flinalL  So  few  rays  of  light,  too,  are  reflected,  that, 
no  impression  n  made  on  the  organ  of  vision ;  hence  bo- 
dies in  this  state  are  mvinbie,  except  in  the  example  of 
one  or  two  elastic  fluids,  wUch  are  dtstingni^ed  by  pecu«» 
Mar  colour,  or  where,  aa  in  the  atmosphere,  from  the  large* 
nesa  of  the  mass,  some  tint  of  colour  is  displayed,  *The 
▼aponrs  in  condensing  lose  their  transparency,  from  the 
union  of  their  particles  into  minute  globules. 

The  temperature  at  which  different  bodies  dnftr  diis 
change  of  fcHrm  is  extremdy  varipus.  Some  require  a 
temperatxure  comparatively  hif^f  and  hence  usually  exist 
m  the  liquid'or  solid  state.  Of  these  some  require  even  an 
intetise  heat :  these  are  named  Fixed,  in  ccmtradistinction 
to  those  which  are  more  easily  converted  into  vapour,  and 
which  are  hence  denominated  Volatile.  There  arie  still 
others  which  pass  into  tins  form  at  temperatures  so  low, 
tiiat  ev«i  the  greatest  cold  whidh  we  can  apply  is  insuffi* 
oient  to  condense  them  into  the  liquid  form. 

^bstances  which  assume  the  elastic  form  at  tempera- 
tures so  low  aa  this,  being  incondensible  by  the  methods 
we  can  employ,  are  considered  as  permanent^  elastic.  In 
the  language  ^of  modem  chemistry,  they  are  named  Airs 
or  Oases,— Aese  two  terms,  strictly  speaking,  being  sy- 
nonymons,  though  the  term  Air  is  also  sometimes  used 
not  in  a  generic  sense,  but  is  appHed  specifically  to  that 
dastic  fluid  which  forms  the  atmosph^^.  Substances, 
aga^n,.  which  exist  in  the  elastic  form,'  but  which,  requiring 
a  high  temperature  to  maintain  their  elasticity,  can  be 
eMily  condensed,  are  named  Vapours*  The  state  in 
fAofitk  eadi  exists  }b  precisely  the  same,  and  the  distino-^ 
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.tion  is  oiify  rdailive,  re£sFring  to  the  temperature  at  ift&A 
it  is  assumed* 

A  different  view  has  sometimes,  however ,  been  taken  a£ 
tUs  vulgect    Tlie  aeriform  state  has  been  considered  aa 
natural  or  essential  to  some  bodies ;  and  when  this  opinioit 
was  expkxledy  and  the  principle  estaUiahed,  that  diis  stale 
uniforroly  d^ends  on  the  action  of  caloric,  stiQ  it  was 
supposed  that  in  the  gaaes,  or  those  possessed  of  perma- 
nent dastictty,  the  combination  of  caloric  is  more  inti* 
mate  than  in  the  vq>ours  which  are  mcHre  easily  con-» 
densed.     There  are  no  grounds  for  this  opinion.     The 
diflPerence  obrioudy  depends  on  the  temperature  at  whicli 
die  state  is  assmned.     If  a  body  require  a  high  tempera- 
ture to  become  elastic,  it  will  of  course  remain  so  onlj^ 
while  that  temperature  is  kept  up ;  and  when  this  is  re- 
duced, it  will  return  to  the  liquid  or  solid  form.     But,  if 
the  elastic  state  is  assumed  at  a  temperature  lower  than 
any  natural  one,  or  than  what  can  be  readied  by  artificial 
anrangements,  the  body  wiB  appear  permanently  dastic  as 
it  oocurs  in  nature ;  and  if  disengaged  fi'om  combinations 
in  whidi  it  exists,  it  wiU  instantly  assume  that  state,    if 
water,  instead  of  requiring  a  temperature  of  212^  to  con- 
vert it  into  vapour,  sufib^  that  change  at  200^  below  0 
of  Fahrenheit,  it  would  idways  have  appeared  to  ns  as  a 
pctmanently  elastic  fluid,  and  perfectly  an^g;pus,  so  ht 
SB  regards  its  mechanical  properties,  to  atmospheric  air. 

That  this  property  of  permanent  elasticity  is  merely  re- 
iatire,  is  well  established  by  the  condensation  c^  sereral 
of  the  gases,  as  they  have  upuaDy  been  considered,  having 
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beat  aetaalfy  e&eted  by  the  apfdication  of  inte&fie  cold^ 
aided  by  strong  pressure. 

On  theK  vieirs  is  established  the  chemical.nomendature 
•f  the  pennanendy  elastic  fluids.  Being  regarded  as  com* 
posed  of  solid  or  gravitating  matter  existing  in  this  tarm, 
the  generic  term  Gas  is  applied  to  denote  the  form  itself^ 
and  a  peculiar  name  is  assigned  to  the  solid  base  of  each. 
This,  there  is  one  elastic  fl\iid  named  Oxygen  Gas :  this 
phrase  is  q>pli€d  to  it  as  it  exists  in  the  aerial  form,  and 
the  tenn  Oxygen  is  appr<^riated  to  its  gravitating  matter. 
This  matter  cannot  be  obtained  solid  in  an  insnkte^  stated 
anring  to  the  peculiar  relation  it  has  to  caloric,  but  it  eixr 
ists  concrfte  in  many  combinations,  and  it  is  only  wh^i 
disei^;aged  that  it  assumes  the  elastic  form.  The  affini- 
ties  of  oxygen  gas  and  its  q)ecific  properties  are  of  course 
considered  as  depending  on  this  base.  The  same  nomeni- 
^lalnre  is  applied  to  all  the  permanently  elastic  fluids. 

The  transition  of  bodies  into  the  state  of  Tapour  is  much 
ioAuenoed  by  mechanical  pressure,  which,  resisting  expan* 
aion^  coonteracts  d^at  enlargement  of  the  distance  between 
the  particles  at  which  cohesive  attraction  ceases  to  be 
exerted.  Hence  the  variations  in  the  boiling  point  of 
liquids^  according  to  the  pressure  under  which  heat  is  i4»» 
pEed  to  them.  Water,  under  the  nsual  atmoq^heric  pre^ 
fuei  boik  at  212^ ;  when  that  pressure  is  withdrawn  to  a 
great  extent^  it  boils  at  180® :  if,  on  the  contraiy^  it  be 
Jieated  under  increased  pressure,  its  temperatura  msj^  be 
much  devaled ;  in  a  metallic  vessel  it  has  been  heated 
tf9&k  to  400®,  and  has  still  remained  in  the  liquid  fimi). 
Hence  too>  under  an  entire  absence  of  pressure,  every  li- 
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|ili^  In  dMmical  ezpcriments  on  a  inttfl  aeafe^ 
«f  glafis  or  of  Wedgwood's  eartfaoi-ware,  aoaedmca  mbo 
of  siher  or  platinay  are  uAod^  the  heat  bong  ajqpfied  by 
the  medhim  of  a  sand-bath.  In  pharmacy  attd  the  arte, 
ihey  are  more  frequently  constructed  of  iron  <H^leady  and 
the  heat  is  directly  applied. 

When  the  object  is  to  obtain  the  volatile  matter  fay 
evaporatioja,  it  is  carried  on  in  dose  vessels,  oonstructed 
so  as  to  collect  and  condense  the  vapour.  Tins  operation 
is  naiued  Distillation.  Diffident  kinds  of  distilKng  appa- 
ratus are  employed,  adt^ted  to  different  purposes. 

Where  the  process  is  conducted  on  a  large  scale,  as  in 
the  distillation  of  ardent  qpirits,  the  common  istUl,  made 
generally  of  copper,  is  employed.  The  tonstruotion  of 
this  has  usually  been  extremely  faulty.  B^png  made  of  a 
considerable  deplhf  proportioned  to  its  diameter,  a  large 
body  (^liquor  is  to  be  heated,  while  comparatively  a  small 
surface  is  exposed  to  the  fire,  and  hence  a  waste  of  heat 
^  And  the  tube  issuing  from  the  head  of  the  still,  and  ean- 
veying  the  vapour  into  the  qpiral  tube  placed  in  the  refri- 
geratory, being  generally  narrow,  the  vapour  is  retardad, 
amd  by  its  pressure  on  the  liquor  (^pposes  theevapoiation. 
In  this  country  the  construction  <^  the  common  still  has, 
within  these  few  years,  received  gpreat  im{noverafiBtB,  ty 
the  skilful  ^>plicat]on  of  the  principles  wMeh  regulate  dfei- 
tiUadon.  The  height  of  the  still  of  the  new  coBstmetieo 
IS  inconsideraUe,  compared  with  its  diameter,  an^  the 
tube  is  .so  wide  that  a  free  escape  is  aflowed  to  the  va^ 
pcnir  $  the  distiUadcm  is  thus  performed  with  a'  rapidity 
which  would  formerly  have  been  thoii^t  ui^n«otioaUe» 
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in  tike  greater  number  of  chemioil  operationSf  metaOic 
▼easek  are  KaUe  to  be  acted  on,  and  hence  glass  or  earth* 
en  vessels  generaBjr  reqoire  to  be  employed  in  distillation. 
The  Retort  or  conical  bottle,  the  neck  of  which  is  bent  at 
an  angle  of  about  60.  degrees  A,  adapted  to  a  recdvor  Bf 
(Fig.  1.  Plate  L)  is  the  most  convenient  apparatus  of  tins 
kihd.  Sometimes  it  is  convenient  to  have  it  tubulated,  as 
in  Fig.  2.  A,- and  to  have  the  distance  between  it  and  the 
.receiver  increased,  so  diat  the  latter  may  be  k^t  suffi* 
dently  cool,  by  an  intermediate  tube  or  adopter  B.  Hie 
heat  is  implied  to  it  by  the  medium  of  a  water-bath  or 
sand4>ath. 

In  some  cases  of  distillation,  the  product  is  not  entirety 
a  vapour,  which  may  be  condensed,  but  there  is  disen- 
gaged an  elastic  fluid,  whiph  is  incondengiUe.  He  re* 
cdver  having  a  bent  tube  issuing  from  it,  represented  by 
C,  Fig.  2.  is  erapkyed  in  tlfis  case ;  the  condensible  part  of 
the  product  is  collected  in  the  body  of  the  receiver,  and 
the  dastic  product  issuing  throu^  the  tubci  which  termi- 
nates in  a  vessel  of  water,  may  be  ooDectied  in  on  inverted 
bottle  or  jar. 

In  certain  cases^  the  product  designed  to  be  obtained  by 
distillation,  is  an  elastic  fluid,  not  cmdensible  by  itself^ 
but  capable  of  being  condensed  by  being  transmitted 
through  water.  The  apparatus  invented  by  Wo6Me,  Fig. 
9.  IS  employed  for  this  purpose.  It  consists  of  a  series  of 
bottles.  A,  B,  C,  D,  connected  with  each  other  by'beftt 
tiibes^  and  connected  with  a^  retort  generally  by  the  me- 
difttm  of  to  adopts.  The  first  bottle  A  is  designed  to 
collect  any  condensible  part  of  the  product.    In  the  otl^er 
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bottles^  water  is  {daced  to  neariyone-lialf  their  height,  repre^ 
sented  in  the  figure  by  the  clotted  line,  and  the  tube  pasidi^ 
from  the  one  into  the  other,  dips  into  the  water  of  the  bot- 
tle into  which  il  is  inserted*    The  gaseous  product  is  thus 
transmitted  throu^  the  water,  by  which  its  absoiptipn  i» 
proQiQted.;  and  if  any  portion  b  not  absoibed  by  the  w»- 
t^,  it  piE»8es  off  by  the  bent  tube  at  the  end,  and  may  be 
cdBected  in  an  inserted  jar,  in  a  trou]^  of  water.     Eadi 
of  the  bottled  except  the  first  has  a  straight  tube,  whidi 
!rises  to  the  height  of  8,  10  or  12  inches  above  its  ]»serti<m 
into  the  bottle,  6nd  passes  so  &r  ¥rithin  it  as  to  dip  In  die 
water  nearly  half  an  inch*    This  tube  is  termed  the  tube 
of  safely,  and  the  use  of  it  is  to  guard  against  that  reflux 
of  flfidd  ^hich  might  hi^pen  from  a  partial  vacuum  arising 
firom  cdndeAsatioh  in  any  of  tlie  bbttlesy  tlie  air  having 
been  .expelled  at  the  beginning  of  the  operation,  and  its 
place, supplied  by  vapour,  wliidi  is  liable  to  condenses  the 
consequence  of  d^s  would  b<^,  that  the  water  being  more 
pressed  on  by  the  atmoi^heric  air  without,  than  by  d^ 
gas  within,^  would  pass  backwards  fronii  one  bottle  to  an- 
other, by  rising  through  the  tubes,  as  from  D  to  C  and 
firom  C  to  B»  and  thus  the  .whole  w^ould  be  mingled  toge- 
ther.   It  is  ptevented  by  die  tubes  of  safety,  as,  when  any 
such  partial  vacuum  hlappens,  the  atmo^heric  air  is  forced 
through  the  small  quantity  of  liquid  in  which  they  are  im- 
mevsedt  and  rising  into  the  bottles,  preserves  the  equili- 
briom. 

Various  improvements  have  been  made  in  this  apparap- 
tus.  One  defect  in  it  is,  tliat  w^e  cannot  have  the  advan- 
tage of  the  immersion  of  the  tube  which  comes  from  the 


OF  CALORIC.  115 

> 

first  botde  A  into  the  liquid  in  the  second  B ;  for  as  it  is 
designed  to  ooQect  the  condensible  product,  and  ought 
llierefbre  to  be  without  water,  it  can  have  no  tube  of  safe- 
ty; and  hence,  if  the  tube  issuing  from  it  dip  into  the  li* 
quid  in  the  second,  whenever  condensation  h^pais,  from 
th(&  gas  ceasing  to  be  produced,  the'Iiquoi^  wiB  pass  back- 
wards  into  it  The  contrivance  that  has  been  used  to  de- 
viate this,  is  the  tube  of  safety  of  Welther,  or  bent  tube 
with  an  additional  curvature,  and  a  spherical  baB,  repre- 
sented Fig.  4.  lis  intermediate  between  the  globular  re- 
cdver  A,  and  die  ooimnon  Woolfe's  bottle  B;  and  con- 
necting them.  In  this  is  put  a  small  quantity  of  water,  so 
as  to  rise,  when  the  pr^sure  without  and  within  is  equal, 
about  half  way  into  the  balL  If  the  elasticity  is  increased 
in  the  internal  part  of  the  apparatus,  during  the  distilla- 
tion, b^  the. production  of  gas,  the  water  is  pressed  up- 
wards to  the  fiinnel  at  the  top ;  if  there  is  a  condensation, 
it  is  forced  by  the  atmospheric  pressure  into  the  ball,  bat 
whenever  it  has  passed  the  ctirvature  beneath  the  ball,  it 
is  obvious  that  a  portion  of  air  must  rise  through  it,  and 
win  pass  into  the  globe  or  bottle,  to  the  tube  of  tidiich  it  is 
adapted,  and  preserve  the  equjlftirram.  Thia  tube  is  ra^ 
ther  inconvenient  in  its  form,  and  UaUe  to  be  broken, 
and  we  can  emptoy  no  great  pressure  with  it.  A  simple* 
contrivance,  notf  liable  to  these  inc()nv^niences,  is,  having 
merely  a  spherical  baO  in  the  long  leg  of  the  common 
bent  tube;  of  such  a  size,  that  when  the  liquid  in  which 
the  extremity  of  the  tube  dips,  rises  into  it,  this  eartremity 
win  no  longer  be  immersed,  but  a  portion  of  the  air  will 

H2 


116  OF  CALORIC. 

enter.    Hie  feitn  of  this  is  represented  in  the  tube  whieh 
comes  from  the  bottle  B,  Fig.  4. 

Another  imperfection  which  attends  the  common 
Woolfe's  apparatus,  is  the  difficulty  of  adapting  the  lubes 
by  grinding,  so  that  it  is  necessary  to  secure  the  joinings' 
by  kite.  I  hare  sought  to  remedy  this,  by  having  a  tnbe 
4pEed  6r  soldered  vhen  the  bottle  is  made^  into  that  orifice 
into  which  the  long  leg  of  the  tube  fit>m  the  preceding 
bottle  is  to  enter,  of  such  a  length  that  it  is  immersed  in 
the  liquor  within  the  bottle,  and  the  tube  which  enters  it 
having  a  very  slight  curvature  at  its  extremity,  the  gas 
#hich  it  conveys  is  propelled  forward,  rises  through  the 
water,  and  passes  into  the  next  bottle  s  ^md  as  there  is  no 
difficulty  in  grinding  the  tubes  into  the  bottles^/nmi  which 
they  issue,  the  whole  apparatus  is  easily  constructed  with- 
out the  necessity  of  lute.  There  is  another  fotm  of  appa- 
ratus which  has  likewise  this*  advantage,  in  which,  instead 
of  bottles,  globes  are  employed,  from  which  a  tube  issues, 
strugiit  at  the  neck,  so  that  it  can  be  fitted  by  grinding 
faito  the  neck  of  the  globe  into  which  it  enters,  but  having 
such  a  curvature,  that  the  extremity  of  it  dips  into  the  li- 
quid which  this  globe  contains.  This,  which  is  the  best  di 
these  forms  ef  apparatus,  is  represented  Fig.  5. 

A  liquid  obtained  by  distiUation  is  sometimes  not  per* 
fisctly  pure,  or  it  is  dilute  from  the  intermixture  of  water 
that  has  been  elevated  in  vapour  along  with  it.  By  re- 
peating the  distillation  of  it  a  second  or  third  time,  it  is 
rendered  more  pure  and  strong :  and  the  process  is  then 
named  Rectification,  or  sometimes  Concentration. 
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When  die  prodnct  of  Tolatilizatkm  is  a  substance  which 
condciises  in  the  solid  form,  the  process  is  named  Subli« 
nMhm  i  and  as  sudi  products  are  in  general  easity  con- 
denaedy  a  siaiple  apparatus  only  is  required.  T|;e  aienw 
bic  with  its  ci^itaU  Fig.  18.  PL  IIL  is  generJiy  used* 
The  alembic  A  is  merely  a  conical  shaped  vessel  of  glassf 
in  which  the  materials  are  put*  and  exposed  to  heat  in  a 
sand-bath,  the  sublimate  condensing  in  the  upper  part  of 
it)  and  forming  a  crust  on  its  sides.  The  cqiital  B  is  ar 
dapted  to  its  mo^th  to  prevent  the  escape  <^  the  vapour ; 
a^mall  groove  or  channel  runs  in  the  under  partj  termi-^ 
nating  in  a  tube  projecting  £rom  ity  by  whidi  any  liquid  is 
o(d^ected  and  prevented  from  running  dovm  or  dropping 
<tti  the  sides  of  the  alemlHC. 

A  peculiar  apparatus  is  required  fyr  operating  on  aerial 
fluids,  which  remains  po  be  described^ 

The  Pneumatic  Trough  is  the  principal  part  of  this  ap- 
paratus.  It  is  a  trougjh,  made  of  wood,  lined  with  lead, 
generally  of  an  oval  form,  about  6  inches  deep$  from  20  Id 
24f  in  length,  and  at  the  greatest  breadth  15  indies;  a 
moveable  shelf  bdi^  placed  in  it,  at  the  depth  of  2  inches 
from  the  edge,  in  the  longest  directi<m,  so  as  to  occupy 
one-half  of  the  breadth,  as  is  represented  in  Fig.  7.  If  a 
glass  jar  be  filled  with  water,  and  placed  inverted  <hi  this 
shelf,  the  trough  being  filled  with  water  to  the  edge,  it  is 
obvious  that  the  mouth  of  the  inverted  jar  being  sur^ 
rounded  with  water,,  the  water  within  it  will  be  sustained 
by  the  pressure  of  the  atmosphere.  If,  wliile  thus  filled, 
the  extremity  of  a  retort,  disengaging  gas,  be  placed  under 
itj  as  represented  Fig  6.  or  if  another  inverted  jar,  con- 
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taitiing  any  air,  be  Uimed  up,  under  the  mouth  of  it,  ad* 
vanced  a  little  over  the  shd^  the  elastic  fluid  naes  throu^ 
the  water,  di^laoes  it,  and  is  collected  in  the  jar  $  and 
while  tne  mouth  of  this  jar  oantinues  surrounded  with  w»* 
ter,  the  included  air  cannot  eacape,  nor  will  the  atmoiphe* 
ric  air  find  access  to  it.  In  thb  way,  aerifimn  fluids  can 
be  collected,  preserved,  and  easify  submitted  to  experi* 
nwnt.  Some  of  them,  however,  are  rapidly  absorbed  by 
water.  These  mtut  be  received  and  kept  over  quide- 
silver)  and  as,  thb  fluid  is  expensive,  and  inconvenient 
from  its  wei^t,  a  smallor  trough  is  employed,  either  hoi- 
lowed  out  of  marble,  or  gf  a  solid  blodc  of  hard  wood. 
This  is  represented  Fig*  8.  with  an  addition  which  is  con- 
veni^it, — a  small  rod  fixed  in  the  wooden  standard  on 
which  the  trou^  is  placed,  which,  by  a  ring  attadied  to 
it  by  a  sliding  arm,  serves  to  svqpport,  without  any  risk, 
the  jar  fiUed  with  quidcsihrer,  and  placed  on  the  shelf. 

The  other  princ^ial  part  of  the  apparatus,  for  c^ratuig 
on  the  gases,  is  the  Oazometer,  designed  to  contain  gases^ 
90  that  measured  quantities  can  be  withdrawn.  One  of 
die  most  simpfe  forms  of  it,  and  which  answ^s  sufficient* 
ly  for  all  common  experiments,  is  that  represented  Fig.  1 5. 
It  is  made  of  tinned  iron,  the  surfaces  of  which  are  japan- 
ned, and  consists  of  two  principal  parts ;  a  vessel  A,  some* 
what  bdl-shaped,  which  is  designed  to  contain  the  gas, 
and  a  <7lindrical  vessel  of  radier  greater  depth,  B,  in 
which  the  Ibvmer  is  placed,  and  which  is  designed  to  con- 
tain the  watar  by  which  the  gas  is  confined.  To  diminish* 
however^  the  quantity  of  water,  this  cylindrical  vessel  has 
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ft  cone  witfajn  k»  also  of  japaiimed  turned  mm,  C,  adapted 
to  the  diape  of  the  gafr-hQlder»  ao  that  this  latter,  when 
pushed  doam,  slides  between  this  and  the  i^liadrical  ves- 
sel, and  a  smaU  quantity  of  water  fills  up  the  spaee  between 
them.  The  vessel  de^i^ed  to  t^ntain  the  gas,  is  suq>end« 
ed  by  cords  hung  over  pulleys,  to  which  wd^^  are  at- 
tached, so  as  to  counterpoise  it.  From  a  stopneock  at  the 
under  part  of  the  a|2paratns,  D,  ^ere  runs  a  tube  under 
the  cylinder,  which  rises  and  passes  through  the  cone,  the 
op^ung  by  vhich  it  'passes*  being  soldered  so  as  to  be  air« 
tigjrt:  it  terminates  by  an  open  mouth  at  the  upper  part 
of  the  bdl-sftiaped  vessel  A*  This  tube,  at  the  part  where 
it  is  bent  at  right  angles,  to  ascenil  as  has  bem  described, 
is  connected  with  another  which  also  runs  under  the  bote 
tomi  said  ascends  on  the  outside,  terminating  in  the  stc^ 
(x>ck  £,  so  that  from  the  one  stqp^-codk  to  the  otfaer^ 
through  the  gas-holder,  there  is  anunsntenrifyted  passage* 
Wlien  the  instrument  is  to  be  used,  the  stoptcodc  E  is 
•p^iedy  and  the  vessiel  A  pressed  down,  a  sufficient  quan^ 
tity  of  water  being  in  the  putey  cylinder  $  the  air  of  the 
v,essel  is  forced  put  by  the  pressure^  and  its  place  is  oceu^ 
pied  by  the  water  in  which  it  is  thus  immeraedf  AYhen 
this  is  effecl^,  the  stop-code  is  closed,  a^d  now,  if  w& 
wish  to  ioitroduce  any  gaa  into  liie  qppamtnsi  a  bent  {bo*, 
nel,  the  ijiiopth  of  whiich  is  placed  in  a  vessel  o£  ifater,  is 
attached  to  the  tube  pf  the  stop-cock  D,  am  represented  in. 
the  figure,  and  the  stoprcock  i^  cqiened. .  If  ike  extremity 
pf  a  retort,  or  of  a  tobe  conveyixig  gas,  as  represented  in. 
the  figure,  terminate  b^w  the  orifice  of  tibe  funnel,  the 
gas  will  rise  along  the  tube,  will  ascend  to  the  top  of  the 
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gas-holder,  and  this  being  counierpoiiedt  wiU»  aa  die  gsta 
«atersf  rise  in  the  water,  until  it  is  filled»  a  qiiaBtity  of  va- 
ter  renuuning  around  the  mouth  ciiU  by  whidi  the  air  ta 
caa&Ded.  Whai  we  wish  to  espel  the  gasy  the  stop^cock 
at  D  is  dosed,  that  at  £  is  c^iened,  a  flexible  tube  is  adap^ 
ed  to  it,  and  the  gas-holder  being  pressed  down,  either  by- 
the  handf  or  by  its  own  wei^tt  from  the  removal  of  the 
counterpoiung  weights,  a  stream  o£  gas  issues  finxm  the 
extremity  of  the  flexiUe  tube,  and  may  be  transfisrred  in- 
to a  jari  or  be  applied  to  any  other  purpose,  audits qnan* 
tity  may  be  measured  by  the  insfrument  being  graduated 
by  a  scale  nudked  mi  the  brass  rod  F. 

The  instruraeot  connected  with  the  gaaGometer  in  the 
{date.  Fig*  16.  is  aconTenientoneforprocufinggasesfiom 
any  solid  ^ibstanoe,  by  the  af^licaticm  of  a  strong  heat. 
It  is  an  iron  botde  A,  into  which  is  fitted,  by  grinding,  a 
tube  bent  at  an  acute  angle.  To  this  a  smaBer  tube  is 
adapted,  the  eactrnmity  of  which  can  be  adjusted  to  various 
heif^its,  by  adrodarjointin  themidd]eofit,at&  Tlie 
bottle  contaiaitig  the  materials  from  which  the  dastic  fluid 
is  to  be  disengaged,  is  placed  in  a  furnace,  or  in  a  com- 
moa  fire,  so  as  to  be  raised  to  a  sufficient  heat ;  the  gas  is- 
sues at  the  extremity,  and  may  be  conveyed  into  die  ga- 
zomet^,  OS  received  in  an  inverted  jar  on  the  Aelf  of  the 
pneumatic  trough*  At  the  end  of  the  operaticm,  die  gas 
ceasing  to  be  produced,  as  the  heat  diminished^  the  water 
woidd  be  pressed  into  the  tube,  and  might  rise  into  the 
bottle,  if  the  joinings  were  not  opened.  The  easiest  way 
of  obviating  this,  is  by  halving  a  onaD  stop-cock  in  die 
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tube  as  at  c^  iMA  nay  be  opened  wbesk  die  production  of 
the  gas  has  ceased. 

When  a  gas  is  extricated^  'in  oonsequeiiee  of  chemica! 
actioii,  with  the  i^)piicatian  only  of  a  moderate  heat,  the 
Hask  or  cucurfait,  wkh  a  bait  tube  ground  to  it^  Fig.  19. 
is  the  most  convenient. 

In  aK  accurate  experiments  on  gases,  itisof  impdrtance 
diat  die  quantities  should  be  determined  with  precision^ 
and  as  to  weigh  the  gases  requires  a  very  ddlicate  and 
complieated  tqyparalQS,  and  is  tioubles(»ne  in  the  eSEecu<» 
tion,  chemists  measure  them  by  their  vohunes,  and  find 
their  wdghts  by  a  reference  to  the  taUes  of  their  specific 
gravities  wfaidi  have  been  constructed.  Hence  jars  gra- 
duated into  cubio  inches  and  tenths  are  convenient,  as  are 
also,  in  other  cases,  jars  graduated  into  equal  arbitrary 
^Murts,  as  represented  Fig.  20.  In  thua  estimnting  the 
we^ts  of  gases  from  t^r  volumes,  several  circumstances 
require.to  be  attended  to,  partieuhnrly  the  temperature  and 
the  pressure.  Elastic  ftuids  imng  so  expansible,  it  is  ob* 
vious  that  a  considerate 'cUhnge  in  th^r  spedfic  gravity 
will  be  made,  by  a  trivial  alteration  of  temperature ;  t}ie 
volumes  therefore  are^always  reduced  to  tlie  standard  t&ax^ 
perature  of  54*.5,  at  which  ^tmr  specific  gravities  are  a&F 
certained.  It  is  also  neceesary  to  attend  to  the  varying 
pressure,  whether  of  the  atmosphere,  or  of  any  fluid  in 
which  the  vessef  containing  the  gas  may  be  placed.  The 
weight  of  the  gases  is  .fixed  at  the  mean  barometricalpres- 
SQreS9.85  inches  of  mercury }  and  if  the  atmospheric  pres* 
sure  vaky  fitmi  this,  die  correction  by  which  it  is  rednced 
to  die  standard  is  to  multiply  the  real  pressure,  under 
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vliich  the  gas  i^,  by  thcvphmie  of  the'gasy  dindetlie  pn^ 
duct  by  the  mean  barometrical  pgowge»  and  the  qnodcttt 
i^  the  volume  under  that  pres^are.  The  e|fect  of  theprea- 
sure  of  the  £uid  avrrounding  the  jar*  is  most  easily  obvia* 
ted,  by  bringing  it)  where  tliis  can  be  done,  to  the  saoae 
h^^  witliout  and  within^  or  if  not  making  the  necweagy 
correction  according  to  its  lieigfat  and  qpedfic  giandty* 

Of  IgmliotK 

The  eflgact^  iMrisdng  from  the  operi^ion  of  Caloric,  hi* 
therto  cpnyidercdr— ^S^tpwsion,  Fhijklity  and  Vapori/^K 
lion,  may  be  regarded  as  different  degree  of  one  morege^ 
neral  effect,— ^the  increase  which  it  occasions  in  the  dis* 
lances  of  the  particles  of  bodies*  Ignition^  or  Incandes* 
cence,  c^nn^t  bo  jrefened  to  this  cause,  |vnd  it  ha^  <VP»^ 
rently  po  coonec^n  v^  the  Qthers. 

By  Ignition  is  meant  tha(  illiunination  or  emissioniif 
%htt  produced  in  bodies  by  exposing  them  to  ahjgh  tern* 
pcraturis,  and  which  is  not  accompaniad  by  any  other  che- 
mical chan^.  Jt  is  distipguisbs^  from  combusticHii  a  pro- 
cess in  which  there  is  al^o  the  emission  of  light  and  heat* 
l^y  being  the  effect  of  the  high  temperatufo  slope  \  wlula 
combustion  is  a  process  depending  oo  the  action  of  the 
air,  pf  which  certain  syibstanccs  only  are  siisp^t}b|ef  an4 
which,  when  the  process  has  cefuaedi  camiot  be  renewed -iii 
the  residual  matter.  Ignition  is  w)iolly  independefit  of  the 
air  I  all  bodies,  at  least  all  solid  and  liquid  substances,  are 
suscqptible  of  it ;  and  if  it  has  ceased  from  a  reduction  of 
t^mperattire,  it  may  be  renewed  by  the  temperature  being, 
raised. 
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IgnitsoD  appears  to  take  phoe  in  aU  bodies  at  the  saaie 
temperature*  This  is  not  far  distant  from  700^  of  Fah- 
renheit* QoiefcflUverboik  at  a  temperature  correqionding 
Tvith  672^  of  Fahrenh^t  and  it,  ev^i  when  observed  in 
the  dark^  does  not  while  boihng  appear  lumuious.  Dr  Ir« 
vinei  fiNxm  th^  heat  which  iron  communicates  to  water* 
endeavolired  to  determine  &e  temperature  y  the  henst  of  a 
oommon  fire  he  found  to  be  about  790"  ;  Iieneci  the  com* 
mencanent  of  ignition  must  be  between  this  and  the  boilr 
ing  point  of  quicksilver.  Wedgwood  had  fixed  it  at.947  ^/ 
hf  meaauring  the  espanaionB  of  aiifer  in  a  pjrom^rical 
gage :  these  bdng  probably  progressive  with  regard  to 
temptfatttjrei  would  lead  to  the  fixing  it  rather  too  hi^ 

&  the  first  stage  e£  iffdlionf  the  red  ragrs  of  light  ooljr 
a^  given  ont ;  as  the  tanperature  is  raised  there  is  aiiiii» 
termixture  of  others  |  and  at  the  highest  stage  of  ignitimi^ 
there  is  the  due  prc^rdon  which  cqn^titu^  white  li^t. 
Thia  continues  uBdiminisfied  as  long  as  the  temperature  is 
k^t  upi» 

Hie  atriibnn  fluids  cannot  be  brought  into  a  state  of  ig- 
nition, or  rather  cannot  be  rendered  luminous,  for  at  the 
due  tempeimtuce  theimparticles  are  probably  ignited,  \ni\ 
fipom  their  r»rity  a  sufficient  number  of  rays  are  not  emit* 
tixl  firom  a  given  qpace  to  produce  the  sensation  of  yisipn* 
If  a  s(dk}  body  be  suspended  in  air  at  this  temperitore,  it 
accorduE^ly  is  soon  rendered  luminous. 

Ignition  is  produced  by  friction  and  percusssion  as  weO 
as  by  thairoonununication  of  heat :  a  piece  of  glass,  for  ex- 
a|iq)le,  can  be  rendered  red  hot  by  being  pressed  against 
a  whieel  of  grit-intone  made'  to  revolve  quickly ;  and  the 
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spark  struck  fiom  a  flint  by  sted  it  a  similar  example. 
The  ignition  in  these  cases  k  fombably  produced  hy  the^ 
high  teropemture  which  the  i^trition  or  percussion  ex^ 
cites.  , 

The  theory  of  the  production  of  ignition  remains  ob^ 
score  $  for  it  is  not  very  obrious,  how  the  raising  the  tem- 
perature of  bodies  should  cause  them  to  emit  li||^  ' 
It  has  been  supposed  that  the  cabric  is  oonverled  imo 
light* ;  but  we  have  no  proof  of  the  possSiiltly  of  this  coi^- 
Versions  cumI^  if  it  were  possible^  no  cause  is  assigned^  why 
it  should  take  {dace  i^  the  temperature  ci  igmtion*  A 
moreprobaUe  opinion  is,  that  the  heati  by  its  rqiukive 
agem^y  escpek  the  lig^  whidi the  body  contams}  though 
with  r^ard  to  this»  also,  there  is  the  daOkuky  ciaceoma^ 
ii^fortheemissioQoflig^tfer  anmilimitedtime.  V/h&ref 
however,  the  ignitian  is  excited  by  the  ocmunimicatioB  of 
heatf  Bght  is  idways  communicated  at  the  seme  tiHie; 
wh<»e  it  is  excited  by  attrition  or  percnssifln^  it  is  not 
proved  that  the  ignited  state  can  be  preserved  indeftufee-^ 
ly ;  and,  if  it  were,  there  is  the  same  difficulty  in  this  ease 
with  regard  to  the  unlimited  evolution  of  calorie  as  of 
light;*  The  sutject  wiU  not  be  elncidbtedt  until  die  relatioif 
between  these  two  powers,  at  present  so  obscure,  is  better 
known* 
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S^GT*  lIh--^Qftie  Commifnication  and  Diffitsion  of 

.  Caloric. 

.Aix  bodies  are  permetMe  to  calorie^  and  its  unifonn 
t^leiicy  18  to  diffiise  itself  ovar  matter^  until  an  eqnili*- 
imnm  of  temperotore  is  established.  If  a  body^  thereikre> 
at  a  l^gh  temperatttre  be  placed  in  the  nei^boorhood  Kit 
others  at  a  lo^w^i  its  exoess  of  <»l<»ric  passes  off  from  it^ 
until  k.^rriye  at  the  temperature  of  those  around. it ;  or, 
if  a  cold  body  is  placed  among  others  that  are  hot,  it  re- 
€«^pes  caloric  untU  its  ten^rature  rise  to  an  equalitjr.witfai 
theirs.  This  propagafekm  of  caloric  takes  plao^  even 
throng  tlMrtqmedian  vacuum^  and  hence  is  eridently 
prineipa%  owing  to  it^  repulsive  power,  liiough»  as  it  is 
also  influenced  by  the  nature  of  the  medimn  in  which  it 
lakes  place,  it  depends,  too,  in  part  on  some  relation  of 
die  bodies  whidi  receive  or  part  with  it  to  ^s  power. 

This  diffimio](i  of  caloric  takes  place  in  two  modes. 
From  a  heated  body  a*poition  of  caloric  is  always  com- 
municated to  the  matter  in  c<mtact  with  it,  and  is  difiused 
through  that  matter  with  "k  certain  degree  of  celerity. 
But,  besides  this,  a  portion  is  projected  from  its  surface  in 
right  lines  with  great  velocity,  and  to  considerable  dis- 
tances. The  difiiidon  of  caloric,  therefore,  must  be  con- 
sidered under  these  two  mode^of  radiation,  and  slow  com- 
munication). 
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Of  the  Slow  Corninunicatioft  of  Calonc* 

CalobiC)  when  communicated  by  bodies  to  the  mattar 
with  which  they  are  in  contact,  is  given  ont  by  them  iitiA 
difierent  degrees  of  celerity,  and  is  received  by  them  widi 
similar  differences*  There  is  a  similar  difference  in  tbe 
celerity  with  which  it  is  diflhsed  through  them.  Sdme, 
therefore,  quickly  assunle  the  temperature  of  the  sur- 
rounding bodies,  and  aJlow  of  this  temperature  being 
quickly  established  through  their  whole  mass^  while  odwfB 
do  so  tnuch  more  slowly. 

The  property,  in  consequence  of  which,  bodies  thus  re- 
ceive  caloric,  allow  it  to  be  conveyed  through  thdr  sob^ 
stance,  and  part  with  it  to  others,  is  named  their  Cdnduc^ 
ing  power.  Those  which  receive  and  part  with  cialorie 
quickly,  are  those  also  through  which  it  is  dilRised'iBeflt 
speedily^  and  they  are  consideired  as  better  o^uctors 
than  those  in  which  the  same  effects  are  more  slowly  prc^ 
duced.  In  this  property  there  are  great  differences,  Aere 
being  scarcely  two  bodies  from  or  through  which  calorie 
is  communicated  with  equal  faciMty. 

This  property  can  scarcely  be  connected  with  any  of 
the  physical  qualities  of  bodies.  Tliere  is,  indeed,  a  genei^ 
ral  relation  between  it  and '  their  density ;  those  which 
arc  dense,  as  the  metals,  being  the  best  conductors ;  and 
those  which  have  much  rarity  conducting  mudi  .less 
perfectly.  But  in  examining  more  minutely  the  degrees 
of  conducting  power,  we  do  not  find  that  they  aire  pr(qMr* 
tional  to  the  densities,  even  among  those  bodies  which  have 
a  similar  nature,  as  among  the  different  metals.    In  sab* 
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Stances  which  are  very  porous,  and  in  the  interstices  of 
which  a  quantity  of  air  is  lodged^  the  conducting  power  is 
very  <inq)erfect,  which  appears  to  be  owing  principally  to 
the  air  being  a  bad  conductor^  and  to  its  motion*  by  which 
it  might  distribute  caloric  more  quickly,  h&ng  impeded 
by  the  force  with  which  it  is  retained* 

It  is  to  this  coos^  that  the  imperfect  conducting  power 
of  fur,  flannel,  sad  other  similar  substances  is  owing,  and 
m  this  dep^ids  their  utility  as  Mtides  of  clothing,  in  pre-^ 
venting  tlie  abstraction  of  warmth. 

To  this  difference,  too,  in  conducting  power,  i»  owing 
the  deference  in  the  soisation  either  of  heat  or  cold,  ex- 
cited by  difierent  bodies  applied  to  our  organs  of  sense, 
when^die  thermometer  shews  their  temperature  the  same* 
Those  whieh  part  with  caloric  most  readity  will  be  those 
wiiich»  when  applied  hot,  wiU  give  the  greatest  sensation  of 
heat »  and  the  same  bodies,  being  those  which  receive  calo- 
xie  most  readily^  will  be  those  whidi,  when  cold,  will  ab* 
atvact  it  most  i*apidly,  and  will  therefore  produce  in  great- 
eat  intensity  the  sensation  of  cold. 

Many  useful  applications  are  made  of  this  difference  iu 
conducting  power,  as  in  the  various  arrangements  to 
prenoent  the  waste  of  heat  in  chemical  operations,  or  to 
guaird  against  the  effects  which  arise  from  sudden  altera* 
tkms  of  teaq)erature. 

The  communication  of  temperature  through  liquids,  is 
mttob  accelerated  by  their  mobility  \  the  portion  directly 
receiving  heat  having  its  density  diminifi^ed,  unless  it  oc- 
eupy  the  surfitce  changes  its  place  ;  it  is  succeeded  by  an* 
other  portion  heated  in  its  turn^  and  thus  a  circulation  is 
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estabKshed  through  the  whole  mass  of  liquid,  by  nrhich 
the  increased  temperature  is  much  sooner,  established 
than  it  would  be,  were  the  caloric  communicated,  as  in  so- 
lids, merely  from  one  particle  to  another. 

Rumford,  from  some  observations  on  the  rapidity  of 
the  currents  in  a  liquid  heating  or  cooling,  and  on  the  slow* 
ncss  with  which  a  liquid  is  heated  or  cooled  when  these 
are  prevented,  advanced  the  opinion,  that  it  is  by  these 
^notions  that  the  uniformity  of  temperature  in  a  liqiud  is 
established,  and  that  liquids  ih  themselves  are  non-con- 
ductors of  caloric,  or  are  indapable  of  communicating  it 
frcHn  one  particle  to  another.  In  support  of  this  opinion, 
he  brought  forward  a  series  of  experiments  designed  to 
prove  more  distinctiy,  that  when  the  motions  of  a  mass  of 
fluid  are  impeded,  the  transmission  of  caloric  is  extremely 
alow.  He  also  endeavoured  to  establish,  what  would  have 
demonstrated  the  truth  of  his  opinion,  that  increased  tan- 
perature  cannot  be  communicated  from  the  sur&ce  of  a  li- 
quid, downwards  to  the  rest  of  tlie  mass.  But,  in  all  his 
experiments,  the  results  are  either  inconclusive,  or  require 
so  many  assumptions  to  render  them  otherwise,  that  the 
opinion  remained  extremely  problematical.  The  princi- 
pal fact  from  which  the  question  can  be  decided,  that  ns 
Liting^to  the  communication  of  temperature  through  a 
fluid  from  its  upper  sur&ce,  has  been  made  the  subject  of 
expeiriment  by  various  chemists,  and  in  aD  of  these  the 
cpmmunication  has  been  proved  to  take  place.  Thei-e  is 
one  somxe  of  fatiucy,  indeed,  attending  the  ex)ierimeiit, 
from  the  conducting  power  of  the  vessel  containing  the 
liquid  which  may  convey  a  portion  of  caloric,  and  com* 
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faunicate  it  to  the  under  portkms  of  the  liqiud.  .  But^ 
when  this  is  guarded  against  by  various  arrangements)  or 
still  more  efPectually  by  making  the  experiment  at  the 
temperature  of  52 ^^  and  in  a  vessel  of  ice,  which  not  be- 
ing capable  of  having  its  temperature  raised  above  that 
point,  is  of  course  incapable  of  communicating  any  high- 
er temperature,  still  the  same  general  result  is  obtain- 
ed, a  result  which  sufficiently  establishes  the  conducting 
power  of  liquids. 

if 

This  conducting  power,  there  is  reason  to  believe,  how-* 
ever,  is  not  very  considerable,  since  from  the  very  mobili- 
ty of  a  liquid,  a  particle  of  it,  when  heated,  recedes  from 
the  others,  and  yields  the  caloric  it  had  received  less 
readily;  and  hence  caloric  is  diffused  through  liquids, 
principally  by  the  motions  produced  by  the  changes  of 
density  they  suffer  from  changes  of  temperature.  Still  we 
can  discover  in  liquids  different  degrees  of  conducting 
power :  thus,  quicksilver  takes  the  temperature  of  any  bo- 
dy with  which  it  is  in  contact,  and  admits  of  this  tempera^ 
ture  being  uniformly  established  through  its  mass,  much 
more  quickly  than  water  or  alkohol ; — a  difference  which 
cannot  be  ascribed  to  its  being  more  expansible  or  more 
mobile,  for  neither  of  these  is  the  fact,  and  which  must 
therefore  be  referred  to  superior  conducting  pow«r, — a  su- 
periority in  conformity  to  the  general  fact,  that  metals 
conduct  caloric  better  than  other  substances. 

A  similar  opinion  was  advanced  with  r^ard  to  aerial 
fluids, — ^that  they  also  are  non-<x>nductors.  It  rested  on 
observations  and  experiments  still  less  conclusive  than 
those  adduced  to  establish   the   non-conducting  power 
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tofliquick}  aiidihe«inBeoondimontli«t  dMy  ve  od^« 
pe^i&ct  cooducborBf  is  probably  to  be  drami.witii  wgfcad 
Ck>  dieiti..  Wie  can  «ven  observe  diferdrioeB  in  the  ^^oi- 
-duetsng  ipower  cf  different  gases.  Urns  immid  «ur 
•otkidttcts  ciiloric  better  than  diy  air^  avd  lieifoediefpnBat- 
■^  sensHtion  %if  odd  ^vfe  cisperienoe  frooa  it  wlKnat  e  low 
tetiiperntui^.  Mr  Lei£e  bas  founds  too>  thttt  bodies  cool 
ivith  diflereait  degi«ds  of  cekrity  in  diffeireBiC  daalic  fluidsy 
which  he  infers  is  owing  to  these  having  difibk'eiit  oon- 
dadtingfto^^ers. 

It  is  by  the  tnovelnents  of  fluids  elastic  and  aoi^^laaticy 
that  calortc  is  distribated  wbSi  more  unffioaiiiity  in  nature, 
and  that  ihe  t^peralnre  of  the  globe  ill  preaerved  more 
"equable  than  it  otherwise  would  be.  .  The  atmospheref 
when  heated  at  the  earth's  surfiice,  is  'esqpanded,  beoomes 
hf^tety  and  recedes  from  it  to  the  upper  regions.  An 
ascending  current  is  thus  formed,  wherever  the  eardi  is 
nnich  heated,  which  is  replaced  by  cold  air  flowing  at  the 
sur&ce,  anid  this  pk>eytols  diat  progressive  augmentation 
of  tem|iefatare  which  imnM  otherwise  happen.  The 
warm  air  is,  from  iibe  conatant  ascending  current,  propdl- 
ed  to  colder  regions,  where  it  yields  its  excess  of  heat.  A 
similar  ageni^,  though  <C0  a  less  extent,  is  eicertefd  by  the 
water  of  the  ticean.  When  cooled  at  the  sur&oe,  it  be- 
comes heim^  dnd  descends;  end,  from  its  saline  impreg- 
nation, this  oontinues  to  tdce  place  to  a  Icfwer'tempenUare 
than  if  it  were  fresh.  A  portion  of  warmerwiterof  course  a- 
8G^ds,andfrom  the  great  depth  of  die  ocesn  thk^etreialafticla 
continues,  coramunidating  tmrmdi,  and  the  water  at  the 
surface  does  not  freeze,  except  in  latitudes  where  the  most 
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intme  ooU  pie^mk*  Fmm  iluMe  vMnanenlB  it  k  oMit 
inqpiobable  dwt  there  is  a  geaenil  drculatkin  in  the 
«cean>  as  thcve  is  in  the  iimospkere  %  ike  avatar  whidi  lias 
<leaceiided  in  ooMer  regions  spreading  on  Che  bottom  of 
the  aea,  flows  towards  the  equator,  which  must  pvoduce  a 
oirrent  at  the  aorfrce  in  an  opposite  direodon,  and  thus 
the  beat  of  the  torrid  zone  maj  be  modsrated,  as  weQ  as 
the  oold  of  the  ppkr  isijncle. 

Of  the  Radiatioit<f  Coloric. 

BesiDfis  the  caloric,  which  a  body  in  cooling  communi- 
•cates  to  the  matter  with  which  it  is  in  contect,  a  portion 
is  thrown  fit>m  its  sui^e  in  right  lines,  moving  with 
great  v^Uxitj^  eapaUe  of  bdng  rendered  sensible  at  a 
considerable  distance,  and  obeying  the  same  laws  of  mo- 
tion as  the  ray<s  of  light.  This  forms  the  radiation  of  ca- 
loric. It  wos  observed  more  than  a  century  ago,  by  Ma- 
riotte,  and  also  by  Lambert  ^  and  within  a  later  period,  it 
has  been  investigated  by  Seheele,  Saussure,  and  Pictet, 
Herschd,  and  Leslie. 

Tlie  experiment  m  which  diis  radiation  of  xraloric  is  best 
displayed,  consists  in  pkeing  a  hot  body,  as  a  heated  ball 
of  iron,  in  the  fecus  of  a  ccmcave  metallic  mirror,  opposite 
to  whidi,  at  thedistance  of  10  or  \2  feet,  is  (daced  a  simi- 
lar mirror,  having  the  ball  of  an  air  thermometer  in  its 
focus  *.    The  moment  Ihehot  body  is  introduced,  the  op- 
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*  The  dUTereotial  air  thermomstcr  is  well  adapted  to  shew 
these  effects,  and  to  allow  all  the  facts  with  regard  to  the  radia* 
lion  of  caloric  to  be  detennioed  with  much  acturacy.  It  wasr 
applied  to  this  purpose  by  Mr  Leslie, 
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posite  tbermometer  indicates  elevation  of  tesnpefature,  thtf 
air  in  its  ball  being  expanded,  and  pressing  on  the  liquid  so 
as  to  cause  it  to  descend.  If  the  hot  body  be  withdrawn,  or  a 
skreen  be  interposed  between  the  mirrors,  the  temperature 
falls,  and  the  liquid  in  the  thermometer  rises  to  its  former 
height.  In  this  experiment,  there  has  been  projected  a 
calorific  matter  from  the  heated  body,  on  the  surGcice  of 
the  mirror  in  the  focus  of  which  it  is  placed ;  this  has 
been  reflected  in  right  lines  firom  the  sur&ce  of  this  mir- 
ror to  the  one  opposed  to  it,  it  is  again  reflected  from  the 
surface  of  that  mirror,  and  is  collected  in  its  focus  where 
it  produces  a  heating  effect. 

The  effect  is  similar  with  a  single  mirror.  If  a  hot  bo- 
dy  be  placed  before  its  concave  sur&ce,  at  the  distance  of 
a  few  feet,  and  a  thermometer  be  placed  in  its  focus,  rays 
of  caloric  are  projectisd  from  the  hot  body,  and  are  re- 
flected from  the  surface  of  the  mirror  on  the  thermometer, 
producing  elevation  of  temperature. 

That  it  is  not  the  contiguity  of  the  hot  body  to  the 
thermometer  that  produces  the  effect  in  these  experiments, 
is  weU  shewn,  not  only  by  the  distance  at  which  it  hap- 
pens, but  alBO  by  moving  the  thermometer  a  little  out  of 
the  focus,  even  nigher  to  the  heated  surface,  when  its 
temperature,  if  it  had  been  previously  raised,  immediately 
falls. 

The  rise  of  temperature  produced  by  this  radiation  is 
greater,  the  hotter  the  body  is  from  which  it  takes  place. 
In  using  the  apparatus  of  the  double  mirrors,  and  placing 
in  the  focus  of  one  of  them  a  ball  of  iron,  two  inches  in 
diameter,  at  an  obscure  red  heat,  the  elevation  produced 
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in  a  thermometer,  in  the  focus  of  the  other  mirror,  at  the 
distance  of  12  feet,  is  equal  to  about  20  degrees  of  Fah- 
renheit's scale.  Prom  a  glads  matrass,  containing  about 
two  ounces  of  water  .boiling,  it  does  not  exceed  three  de- 
grees. From  burning  charcoal,  the  heat  is  such,  that  it 
can  set  fire  .to  a  burning  body  at  the  distance  of  several 
feet. 

The  velocity  with  which  radiant  caloric  moves,  is  not 
capable  of  being  measured  at  any  distance  at'  which  we 
can  make  the  experiment.  In  an  experiment  by  Piotet, 
the  effect  appeared  instantaneous  at  the  distance  of  69 
feet.  It  -  t^pears  to  pass  through  the  atmosphere  without 
interruption ;  nor,  according  to  Scheele's  experiments,  is 
its  direction  changed  by  a  current  of  air.  Jt  is  stopped, 
however,  by  liquids,  even  the  most  trani^arent. 

Glass  .also  intercepts  a  large  portion  of  it.  If  a  plate  of 
clear  ^ass  be  interposed  half  way  between  the  two  mir- 
rors, a  hot  body  being  in  the  focus  of  the  one,  and  the 
ball  of  a  thermometer  in  the  focus  of  the  .other,  the  effect 
on  the  thermometer  is  nearly  entirely  intercepted*  The 
rays  of  caloric  thrown  on  the  glass,  instead  of  passing 
through  it,  are  absorbed  by  it.  This  result  affords  a  me- 
*thod  of  separating  the  rays  of  caloric  firom  the  rays  of 
jight,  when  they  accompany  each  other.  Thus,  if  a  bura^ 
jng  candle  be  placed  in  the  focus  of  the  mirror,  and  a 
plate  of  glass  interposed,  a  luminous  image  is  formed  on 
the  ball  of  the  thermometer  in  the  opposite  focus,  from 
ihe  light  passing  through  the  glass,  but  the  calorific  effect 
^s  greatly  diminished,  by  the  rays  of  caloric  being  arrest* 
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ed)— k  fact  which  shews  well  the  essentwi  di£fereiMse  be- 
tween radnait  caloric  and  light 

Some  bodies  are  more  disposed  to  absorb  cadiant  calo- 
ric tbaa  others,  and  hence  are  much  more  halted  bjr  it». 
Schede  observed,  that  when  a  ^sm  mirraar  is  used  instead 
of  a  metallic  onet  the  heat  is  notrefieeledf  but  is  absorbed 
and  retained  by  the  glass ;  and  the  result  is  similar,  if  a 
metallic  mirror  here  its  sor&ce  blackened.  Piclet  £Dund^ 
that  when  the  ffi$u  bufii  of  the  thennopieter  is  Uac^ened, 
it  is  considerably  more  heated  than  when  it  is  dean.  Bufc 
if  the  bulb  be  coreted  with  tinfbil,  the  reverse  happens,  or 
the  elevation  ef  temperature  is  mndk  less  than  when  the 
^aas  bttib  is  o|iposed  to  the  mirror. 

Tlie  pCM^  of  reflecting  the  rays  of  caloric  is  of  course 
the  reverse,  of  the  abaorbing  power.  Metals  refleset  most 
perfectly^  ken<ie  the  calorilSc  efiect  is  greatest  in  these  ex* 
perimenis  when  metallic  mirrors  are  enqployed  $  k  is  Ifss 
with  a  glass  minrot,  aad  is  scarcely  sensiUe  when  the  sur- 
face is  Mackened.  It  is,  fer  the  same  reason,  least  when 
the  ball  of  the  thermometer  has  a  metallic  surfiu^e,  is 
greater  wheli  of  glass,  and  sttU  greater  when  bladcoied. 

An  important  difference  exists  among  bodies  in  the 
power  of  radiating  caloric^  the  quantity  thrown  firom  di& 
A<rent  kinds  of  surfiioes  at  the  same'  temperature 'bdng 
t€^  difibr<^t.  f*or  the  knowledge  of  this,  we  are  indebt^ 
inI  to  Mr  Leslie.  The  ^^)aratus  he  employed  to  deters 
mine  it  is  very  simfrie.    It  is  a  canister  of  tinned  iron4n 

J 

the  form  of  a  cub6,  the  side  being  sik  or  e%ht  inches 
square ;  this  is  filled  with  hot  water,  a  themiometer  being 
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]|i06vt^  in  it,  to  shev  tlie  temperature  dt|ru^  the  eoBr 
timuance  of  the  eaqierhveqt.  The  aides  ^  the  canister 
4ire  varioMsly  prqpMjred ;  one,  fp^  es^ao^le^  is  It^kened, 
^utothor  U  ^Tered  with  paper*  ^  third  }ifiM  a  pkt^  of  glms 
iqpplied  to  iXt  nod  this  fourth  is  left  cl^ar).  Wheo  thus 
prepared,  it  is  placed  before  the  concave  surface  of  a  mir- 
ror of  timi^  irons  tdt  the  distaoce  of  thre^  or  fovy*  feet  $ 
the  ba]l  of  thc^  difl^pentiol  thermonieter  b^g  a4f^8ted  to 
the  focas.  All  <hese  s^rfacei  being  equaify  under  the  in* 
A)eQ$3e  of  the  hot  weter  in  the  caqister,  are  at  ^e  same 
temperature,  and  their  comparative  powers,  in  radiating 
^aloriis  At  a  given  tepiperajtor^,  can  b^  asc^rtamedf  In 
du$  reqpeot  they  di|^  widatysi  as  ^  ^veffige  it  iti^y  be 
stated*  ibftt  the  oelfxriAe  efifeet  fittm  i(he  bkc^ce^  siir&ce 
b^z^  100,  that  &^m  4h?  paper  is  $^,  ^^^a^  the  gifus  90, 
wd  fipom  ^e  efem  metri  not  more  th9p  I?. 

It  tbiu  4qp»pW9t  thai  those  sur&ces  inost  disposed  to 
jajamrh  radhipt  c{|)o|^»  wheii  |t  is  thrown  upon  thepn,  are 
those  likewise  most  dlqtofe4  to  ff^liatfi  i%  wheii  they  are  at 
a  high  temperi^tore,  and  the  absorbing  and  radiating  pro- 
perty are  opfposed  to  the  reflecfiiig  power. 

It  is  an  intei^i»ting  ^piestiw  ^n  th|s  ^nj^t,  does  ra- 
diant caloric  wjSkr  ireii*iietiqii  ?  Tliif  mufi  nftenipted  to  be 
4etennined  by  Fleteli  ^  the  eqaieriii^pit  w^  9o  imper*. 
fectly  peifonned^  that  no  oenehiaon  coql^  be  drawn  fro^n 
it  Herschel  found  reascm  to  Q6pi:^d^,  $hat  rnig^  pf  ca|p* 
trie  exist  iQ  the  solar  beem»  pp^  from  tb^  ^Wf  of  lights 
and  diat  t^iese  are  separated  when  the  hecHP  i^  decora^ 
posed,  by  being  passed  through  thf  pn^,  the  cabNriiie 
r^Fs  being  thrown  beyond  ith^  jred  if y ;  1^9  if  the  (pqpm^ 
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ment  were  accurate,  proved,  that  these  calorific  solar  raj# 
at  least  are  subject  to  refraction.  He  farther  submitted  ta 
experiment,  the  radiant  caloric  projected  from  heated 
bodies ;  and  he  found  them  to  be  refracted  by  a  lens,  and 
in  the  spot  where  they  were  collected  by  the  refraction,  to 
produce  a  heating  effect. 

Mr  Leslie  observed,  that  a  considerable  aberration  hap- 
pens in  the  reflection  of  heat ;  hence,  when  reAected  from 
a  mirror,  the  maximum  of  heat  is  not  in  the  true  focus, 
but  is  found  to  be  considerably  nearer  to  the  sorfiice  of 
the  mirror. 

If  the  experiments  of  Herschel  be  admitted  as  accurate, 
they  establish  the  important  discovery,  that  radiant  calo- 
ric exists  in  the  rays  from  the  sun,  and  that  on  this  de- 
pends their  heating  power.  In  decomposing  the  solar 
beam  by  transmission  through  a  triangular  glass  prism,  it 
is  resolved  into  different  coloured  rays,  and  these  Herschd 
found  were  possessed  of  different  degrees  of  heating  power, 
the  'violet  ray,  which  is  the  most  refrangible,  and  which 
bounds  the  coloured  spectrum  on  one  side,  being  least 
powerful  in  exciting  heat;  and  the  calorific  power,  in- 
creasing towards  the  other  side,  bounded  by  the  red  ray> 
which  far  exceeds  the  others  in  heating  power. 
.  All  this,  however,  might  be  considered  as  arising  from 
a  diversity  of  heating  power  in  the  visible  rays  of  light ; 
but  Herschel  farther  fbimd,  that  calorific  rays  whidi  pro- 
duce no  ilhoninaticm  exist  in  the  solar  beam,  which  beii^ 
less  refran^ble  than  any  of  the  rays  of  light,  occupy  a 
space  beyond  the  red  ray,  when  the  entire  beam  is  decom- 
posed by  tile  prism.    In  iSm  space^  to  the  extent  even  of 
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half  an  inch  beyond  the  visible  light,  the  heating  power  id 
actually  greater  than  in  the  space  occiqpied  by  the  red  rayi 
which  oi  any  of  the  coloux«d  rays  produces  the  greatest 
heat^  and  it  can  be  traced  even  to  the  extent  of  an  mch 
and  a  hal£  This  appears  to  prove  the  existence  of  rays 
of  caloric  in  the  solar  ny^  which,  from  being  less  refran- 
gible, are  capable  of  being  separated  from  the  visible  light, 
and  if  the  accuracy  of  the  experimoits  be  admitted,  scarce- 
ly any  other  condunon  can  be  drawn.  Herschel  ftrther 
infers,  Ihat  the  heating  power  of  the  -difl^ent  coloured 
rays  does  not  belong  to  the  light  of  these  rays,  but  dqienda 
on  rays  of  cal<»ic  associated  with  them,  there  being,  ac- 
cording to  his  hypothesis,  rays  of  caloric  as  well  as  of 
li^^  of  different  d^rees  of  refrangibility,  and  the  former 
beii^  therefore  spread  over  the  space  occupied  by  the 
prismadc  spectrum  as  well  as  the  latter.  This  being  more 
intimalefy  connected  with  the  chemical  history  of  Lights 
will  be  afterwards  more  fiilly  considered.  In  one  reject 
the  calorific  rays  in  the  solar  beam  differ  from  those  pro- 
jected from  heated  bodies ;  they  pass  without  interruption 
through  tranqparent  media :  this  is  evident  indeed  from 
the  intense  heat  produced  in  the  focus  of  a  lens  when  the 
rays  of  the  sun  have  been  transmitted  through  it.  It  was 
ascertained,  too,  with  mpre  accuracy  by  Herschel,  the  so- 
lar calorific  rajrs,  whether  associated  with  light  or  separa^ 
ted  from  it,  passing  through  transparent  substances  and 
produdiig  heat ;  while  the  radiant  caloric  firom  heated 
bodies  is  almost  entirdy  arrested. 

An  important  subject  of  inquiry  is  still  to  be  consider* 
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•d  t  What  is  the  Dtfure  of  R«£«it  Caleait^  c»  idiat  thao. 
17  can  be  prai  of  tW  phegnmciu  it  diq|ds^  i 

lliesc  ph^tomena  a|)f>eared  to  prere  tb«  oiftenoe  of 
«  wfatle  caloofic  aatxet,  pn^ected  from  heated  bodiei, 
«i{i«U*  of  nuniog  Ja  ci^tt  Unei  viA  Tdocity,  and  obey* 
ii^  bwi  of  motion  similar  to  iboae  of  Hghtj  aad  thk  coo- 
dOMWi  was  OfCcar^Xif^  genera^  diwm  and  received. 
Mr  Xjadfei  however,  advanced  a  ^brent  ftypolheug  t  the 
^>paR9it  eakirific  enaiMtiott  he  lupposed  to  be  propag*- 
ted  entir^  bjr  the  mediuot  of  the  air.  The  heated  siv*  '. 
&ce,  aooording  to  hii  viewi  comninpicatea  inareaaed  tem- 
perature to  the  portioD  of  Mr  in  ooBtaet  with  it,  thi»  layer 
of  air  ie  caqfundedt  and  preaies  on  the  pcM'tim  immediate- 
ly before  it.  ThiA  it  ancceaaivelyt  but  rgpidly  r^iewed  1 
«  (duuB  <rfunduUtiona  is  propi^atod  from  the  heated  stur- 
&Ge  to  the  mirror,  reflected  and  coBcentrated  in  ita  facua* 
and  each  puliation  being  accpn^ianied*  acoordnig  to  (he 
hypotiteHit  mtfa  a  discharge  of  the  oabrie  I:^  width  tfie 
eKpaoaian  eoMitiDg  it  had  been  pitxhieed }  the  whole  it 
traniportod  wiUi  the  veiodty  of  these  undnl^ioni,  and  the 
calorifie  dtect  ia  obtained  irfiere  they  are  omoentrated  on 
a  solid  wbatanco.  The  degree  of  heat  counted  will,  of 
oourse,  be  greater  as  the  tenqieratitre  t£  the  aur&ce  oom* 
■aanicating  it  ia  greaten  And  the  dtvoru^  in  the  effect 
fhun  di&rcait  kinds  of  inrfaee  at  the  same  tesnpffiatnre, 
Mr  Leslie  explains  by  the  hypothflsis,  tbat  they  »dniit  of 
a  more  ot  leas  perfect  ooBtact  of  the  atmo^herio  sir  ] 
those  with  which  the  air  comes  into  closest  contact)  and 
this,  of  course,  is  siqipoaed  to  be  the  case  with  the 
bladnfied  surface,  communicating  Uie  largest  quanti^  t)£ 
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time  %  and  for  a  dimlar  feaaon*  the  same 

iM»  inoet  diqpeted  to  reoeiye  calortc^  and 

^  mofli  heated  by  this  kind  of  oonv- 


""incqpaUy  on  oertain  Acta  obaer- 

.  <i  to  the  efifect  of  dureens  in- 

^  and  the  mirror  on  tiie  c»- 

'  <»xveds  that  when  a  {dale 

^u  the  tharmometer  in  the 

a.    Mr  Leslie  found  that  this  k 

*k  the  distanoe  at  which  the  glass  plate 

y^a  the  heated  body.    In  the  apparatus  with 

.*gfe  reflecting  mirror^  if  the  plate  of  glass  be  placed 

«it  about  two  inches  fiom  the  blackened  surface  of  the  car 

nister^  a  rise  in  the  thennometer  is  produced  equal  to 

about  one^th  of  what  wbuld  be  produced  by  the  saine 

sor&fief  the  j^ass  being  withdrawn;  if  ferther  removied 

froBsi  the  heated  snrfiEu^e,  the  effect  on  the  theiiloioineter 

'^:1im7y^w^^l  and  when  it  is  remoired  about  a  foot,  it  does 

not  amount  to  oiie*thirtieth  of  what  it  is  in  the  first  ppsi- 

tioiu    Mr  Leslie  &rther  found  that  the  eflfeot  was  vety ' 

diffez^nt  with  skreens  of  different  kinds;  with^one  of  pa« 

p^  inteiposedf  it  did  not  di&r.mach  frcon  that  with  the 

glassj  but  if  a  metallic  skreen  was  used,  though  extremely 

thin»  as  for  example  gold  Iea(  the  effect  on  the  thenno* 

jBeter  was  completely  intercepted* 

These  reeuks  cannot  be  explained  on  the  suffMeition 
Alt  these  skreans  operate  by  intercepting  more  or  less 
the  cafenfic  radiationt  some  dmng  so  coiiq)]etely»  others 
more  UBperfoctl^;  for,  were  this  the  a|^e,  the  action  of 
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those  wldch  allow  a  certain  degree  of  heating  effect  tm 
be  produced  on  the  thermometer  ougirt  to  be  the  same 
at  whatever  distance  it  is  placed  from  the  heated  sar^oe, 
while  the  fiict  is^  that  it  is  much  dependent  on  its  conti- 
guity to  it.     They  therefore,  Mr  Leslie  conceives,  esta- 
blish the  conclusion,  that  these  skreens,  in  every  case,  ar- 
Test  the  radiant  caloric,  and  that  where  any  effect  is  pro- 
duced on  the  thermometer,  this  b  to  be  ascribed  to  the 
interposed  sloceen  acquiring  heat,  and  being  thus  enabled 
to  display  die  same  action  as  a  similar  radiating  sur&ce 
would  do  at  the  same  temperature.    Accordingly,  when  a 
skreen  is  employed  which  is  not  much  disposed  to  receiTe 
radiant  caloric  on  the  one  hand,  or  to  radiate  it  on  the 
other,  as  one  of  metal,  no  eflfect  is  produced  i  or  if  the 
skreen  is  such,  that  its  temperature  cannot  be  raised^  as  is 
the  case  for  example  with  a  plate  of  ice,  there  is  also  no 
-effect ;  but,  if  the  skreen  be  of  a  substance  disposed  both 
to  absorb  and  radiate  caloric,  as  in  the  case  with  glass  <^ 
paper,  tl^n  a  certain  effect  will  be  produced,  the  sidf 
next  to  the  hot  body  arresting  the  calorific  radiation  and 
iuiving  its  temperature  raised,  and  the  other  radiating 
proportional  to  this  rise  of  temperature,  —  and  this,  gf 
-course,  will  be  greater  the  nigher  the  ^rcen  is  to  the  heaJlr 
ed  body. 

Now  this  efiect  of  these  interposed  skreens,  Mr  Leslie 
£uther  conceives,  can  only  be  explained  on  the  supposi^ 
lion  that  the  air  is  the  v^ide  of  the  communication  as  al- 
ready  explained,  the  skreen  arresting  the  chain  of  pa|s%" 
iions,  and  acquiring  in  its  turn  to  a  certain  extent  the 
power  of  tranamittingthese  pulsations  with  the  accompany* 
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ing  dischai^s  of  caloric  from  the  other  stirfiEU^e ;  and  on 
ihis  assumption  in  a  great  measure  rests  his  hypothesis. 

It  is  one  which  does  not  appear  necessarily  to  follow, 
and  it  is  perhaps  equally  conceivable  on  the  hypothesis  of 
the  existence  of  rays  of  caloric,  that  these  may  be  arrested 
by  the  skreen,  its  temperature  may  be  raised,  tod  corre- 
sponding rays  be  projected  to  a  certain  extent  from  its 
other  surface:  it  must,  in  fact,  be  supj^ed,  that  the 
interposed  skreen  receives  caloric  at  the  one  surface,  and 
communicates  it  from  the  other,  whether  the  caloric  be 
supposed  to  be  propagated  by  pulsations  in  the  atmo^here, 
or  hj  actual  prcyection  of  calorific  particles ;  and  in  either 
hypothesis,  those  most  disposed  to  receive  it,  and  again  to 
discharge  it,  will  be  those  which  will  admit  of  the  greatest 
heating  effect  being  produced  on  the  thermometer. 

There  is  also  some  obscurity  with  regard  to  the  principle 
of  Mr  LesIie^s  theoiy ;  for  admitting,  that  a  chain  of  vibra- 
tions, such  as  he  supposes,  may  be  established  in  an  elastic 
medium  from  a  heated  9ur&ce,  it  is  not  very  obvious  how 
each  pulsation  should  be  accompanied  with  a  discharge  of 
the  heat  by  which  it  had  been  excited.  Or  if  there  is  any 
necessary  connection  between  these  events  there  remains  the 
.  difficulty  of  accounting  for  the  slow  communication  of  ca- 
loric through  elastic  fluids.  The  theory,  too,^is  incompa- 
tible with  the  results  of  the  experiments  of  Herschel  and 
Englefldd ;  which,  if  they  are  admitted  as  accurate,  esta^ 
bHsh  the  existence  of  a  subtle  calorific  matter,  capable  of 
rapid  projectile  motion.  These  experiments,  however,.  Mr 
Leslie  considers  as  altogether  fallacious. 

It  has  f^ometimes  been  conceived  that  radiant  caloric  if- 


Of  CAL0EIC* 

a  apedei  of  ]jg)it  fir  Hiittw,«Mant^  that  the^eit^ 
powe»  of  Ifae  difforant  ^mies-of  ¥i«iUe  tfght  sue  «ol;  {nn^> 
p^tional  to  tbur  pow^  of  exdtang  viflioiit  nqipofled  tbere 
aul^  be  A  specaeB  tif  liglkt  captMeof  igtcatiBg  tempCTature 
wftbobi;  €Kcit«ig  lUs  fcHMti<m»  aad  such  be  oonoeiTied  to 
bedKi]aliireofi»duiit<:aIoric.  There  appears  ikdefiKui- 
itHdtm  for  itkhyifoAGd^  Sofiur  aswecantaiceyradiaiit 
caloriejbae  aU  llie  prapertaes  of  caloric  oonv^ed  by  skm^ 
eomiiHBueaCiony  and  tbe  meve^sinciaiietanoe  of  its  afimaiiiig 
a  state  of  project  iiietkm>  if  itaotaattjr  do  so,  is  iasiifficieBit 
to  identify  it  with  li^tA*  U  «Kerta  none  ciUkti  dbemicri 
agencies  of  U^ft.  Andihe  vmy  faaoisef  tikeb^potbesisis 
sid37eir(ed  s  faf  asisifterwanb  to  be  slwked,  it  is  im^ 
if  any  of  the  rays  of  light  apart  firom  odoric  hate  m 
heating  power. 


ir  is  an  interesting  object  ^  in^esdgatfeny  idnt  is  ika 
delation  subsisting  betiraan  ihose  two  snodes  in  whaok 
caloric  is  discfaaiged  &om  bodies,  that  by  cadintiony  nnl 
tbst  by  skwr  ooimiiiinicatien  i  lliere  af^Mars,  in  ipensfal, 
ceafi<m  to  infer^^iat  diose  which  at  a  jgrmn  tempsratnce 
give  off  most  ceJoriciby  ofimnunioatbn,  dischaiigeieastfay 
ndiatimi,  and  me  «flns^,*-«9Betals»  far  fisamide,  ntdialsng 
in^erfectlyr,  whik  tliqr  yidd  <»dovk  readily  by  oonimn^ 
tion,  ixdule  ^aas  is,  with  regaid  to  these  propeades,  paas^ 
eisdiythefBTOne. 

An  inquiry  of  equal  importafioe  ist  what  propoatbn  does 
llie  caloric  discharged  by  radiation  firom  a  body  snffbiing 


«oiiiDiinimtH>n  ?  31k  idHoenoe  of  «wdi  of  diese  modes  jb 
a^toMHhed  by  wBmmam  foDls.    That  ^f^ttcmtmrntttamictt-^ 

yfakli  m  hof^  cwl^  QMWbtdiag  ^  the  cew^ 
4km  waeiijnmw'A  wrihiohitis  n  ^sontBCt,  or  ^sKDordkig  as 
4he  eondocdqg  p0Mr  18  ikfmmA  by  fitequeat  i«ne«ral  tof 
«kMt  ttedlipiH«%fcr<6aaaqde>iqrtlie4ffdb^^ 
veiit<«f«a'«tfr  agiMMiDi  inittjigii^  The  ioAiMiioe  ^  m- 
dMcM  is  net  ieai  fOfMiKnft,  md  liiiB,  inparticates  t^eoiiL 
Miy  cboljr  «BtfiMiilied  by  none  Tery  «xoell0itt  «flperi- 
noBts  fay  Mr  Leitie  on  die  ^ocferaty  of  oMrfiiig  in  utessels^ 
^whidi  radiate  caloric  'imeqiuMf ;  water,  fm  estaanple,  eoel* 
ing  more  qnicUy  in  a  tin  yessel  coated  with  lamp-black 
than  when  clean^  the-tuathig^  Aet^  diminifthing  the  con- 
ducting power,  more  than  comp^isating  for  this  by  increa^ 
sing  Ae  mdiaring  power, 

'lie  f»raptt«i0n  betvooa  tbe  two  xxmei  he  coiundeMfa^ 
^epeadnat  <cn  the  Mtapanetuve  at  wUoh  tlie  i<MiiMate  is 
thmlf  sferiatJM^^imptrrtai^iJie  cooing  ^y.^ttaw  <cMn> 
mUBteatAM/trSi'be  aociAenfted  iiy  the  niave  Yapid  icmmnt 
ABtt»adiin4be'8ia«oiBriit|gsftediamiQ»tt        haatad  sm^ 

Ueslie  iigaiolndiM  •fcom  hh  tttperiments,  Adt-at  lowHieBape- 
Miiiiwtl»<ieHttet4iy<ilietdibect'ii^^  «ame- 

wfattt  iaas,  aiid  diddgher  tMnpaMtttres  eonsideisMy  ^"eater 
tl«n  «3iat:iBliiat  ly^MiiatiM. 

The  iidiiianise  <of  these  <areamstaiMM  im  refrigeratimi 
gp««sMMete  sMae  '^caolts  orath^  stnguhr,  fand  to  -some 
praeliai  appiotfiabs  df  ^mmdenible  BaporCanoe.    Thus 
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irater  cook  more  quiddy  in  a  metallic  veaaelf  the  eutaidr 
6f  which  is  blackened,  coated  with  viMmish,  or  even  cover- 
ed with  linen,  than  when  clean  and  polished.  Hoice,  in 
conducting  the  process  of  artificial  *refirigerati<m.  Teasels 
with  such  coatings  wiliallowit  to  be  performed  most  quidi- 
ly ;  for  the  same  reason,  where  the  object  is  to  condense 
vapour  or  steam,  as,  for  example,  in  applying  this  conden- 
sation to  procure  heat,  the  external  surface  of  the  tabe9 
through  which  the  steam  passes  ought  to  be  painted  or 
blackened  \  while,  if  it  is  of  importance  to  prevent  as  mudi 
BB  possible  the  condensation,  as  inconvqdngsteamy  or  ap- 
plying its  elasticity  as  a  mechanical  power,  the  eztenial 
gur&ce  ought  to  be  dean  and  bright^ 


The  law  observed  by  a  body  in  cooling,  in  whatever 
mode  the  caloric  be  given  out  from  it,  whether  by  radia- 
tion or  communication,  has  been  fiequimtfy  a  sidsject  of 
investigation*  Tlie  higher  the  temperature  is,  a  laiger 
quantity  of  caloric  is  given  out  in  a  givoi  time,  and,  of 
course,  the  nearer  a  heated  body  qiproaches  to  the  tem- 
perature of  the  surrounding  medium,  small^  posiiom  are 
evolved*  Newton  supposed  that  the  progression  is  geo- 
metrical, taking  the  times  in  arithmetical  progression,  and 
this  law  appeared  to  be  established  by  the  experiments  of 
Kraft  and  Richman*  Martine,  on  the  amtraiy,  inferred 
that  the  decrements  of  temperature  in  a  body  cooling  are 
pardy  equable,  and  partiy  in  proportion  to  the  subaisting 
beats  J  and  Mr  Leslie  has  drawn  the  conclusion  from  his 
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eR|)eriment89  that  the  rate  of  cooling  follows  a  higher  ra- 
tio than  the  difference  of  temperature. 


A  singular  phenomenon  connected  with  the  radiation  of 
caloric  is  the  apparent  radiation  of  cold.     When  a  cold 
body,  as  a  mass  of  ice,  is  placed  in  the  focus  of  one  of  the 
mirrors,  the  thermometer  in  the  opposite  focus  instancy 
MoSm  a  reduction  of  temperature,  greater  as  the  cold  of 
the  body  is  more  intense.     Tlie  experiment  was  made  at 
ah  early  period  by  the  Florentine  Academicians,  but  it  had 
not  attracted  notice  until  again  performed  by  Pictet.     Mr 
Lesfie  has  since  ascertained,  that  the  phenomena,  with  re- 
gard to  this  aj^arent  radiation  of  cold,  are  the  same  as  in 
the  radiation  of  heat,  and  the  same  laws  are  observed.     It 
is  greatest  at  a  given  temperature  from  a  blackened  sur- 
fiiee,  rather  less  from  a  surface  of  glass,  and  much  less 
from  one  of  metal ;  it  is  reflected  by  a  metallic  surface, 
bat  much  less  perfectly  by  a  glass  surface  i  and,  in  conse- 
quence of  this,  the  irigoriiic  efiect  is  greatest  when  the. 
bulb  of  the  thermometer  is  of  glass,  and  especially  when  it 
16  blackafied,  while  it  is  inconsiderable  when  the  bulb  is 
gilt.     Hence  the  comparative  powers  of  different  surfaces 
in  radiating,  reflecting,  and  absorbing  cold,  are  exactly 
the  same  as  their  powers  of  radiating,  reflecting,  and  ab- 
florbing  heat     The  eflects  of  interposed  skreens  too,  Mr 
Leslie  found  to  be  siimlar.     A  metallic  skreen   com- 
pletety  arrests  the  frigorific  effect,  while  one  of  glass  al- 
VoL.  I.  K 
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lnws  il  to  take  fdaoe  to  a  certain  ezteat,  more  «r  Ian  fic*^ 
cording  to  its  proximity  to  the  cdd  body. 

G>Id  being  merely  the  negation  of  heat,  these  results 
appear  at  first  view  extremely  singular,  and  it  becomes  ne- 
cessary to  explain  them  in  conformity  to  this  principle^ 
The  diminution  of  tcanp^fture  has  beai  a0OordiB|>ly  ascri- 
bed to  the  r^iatioa  of  oajpric  frpm  tbettiernicunetey ;  uad 
in  a  general  point  of  view  this  appeurs  to  be  just,  fbougb 
there  is  some  difl^culty  in  explaining  bow  die  cold  body 
fKi;«  in  producing  this  radiation.  Provost  supfiosed  that 
there  is  a  constat  interchange  of  heat  betiraea  boflBes  by 
ra^iatio^,  the  quf^tity  radkited  by  each  being  les^  as  the 
temperature  is  Ipvi  bo^ce  the  themometer  itk  the  fixaia 
of  the  mhrror  repeives  le^  calpric  from  the  cold  body  ia 
the  appfmte  locus  than  it  gives  out,  and  its  temperatui:^ 
f^dls, — an  eiQ)lanation  liable  to  the  difficulty  of  aooauntp 
ixigfor  the  eflf^t  of  difierent  sur&ces  in  radiating  cold  i  for 
accoirding  to  lh^  theory,  the  sur&ce  whidh  radiates  least 
caloric  at  a  given  temj^c^rature,  that  is,  the  metallic  siir&ce, 
ought  to  produce  the  greatest  cold,  while  the  fact  is  pse^ 
cisely  the  reverse.  Pictet  imagined^  that  while  an  equally 
of  temperature  eiust^  among  a  number  of  contiguous  bodiee, 
Ae  caloric  is  quiescent,  or  rather  is  in  an  equality' of  tension 
among  them  al^  and  thare  is  no  radiation  finom  any  oT 
theiQ,  but  when  one  is  at  a  low  temperature,  oabnc  i»- 
di^tes  toward  it  to  restore  the  equflihf  ium.  Hence  the 
{dacii^  the  cold  body  in  the  focus  of  the  nmvor^  causes 
radiation  from  the  bldb  of  the  thcnnemeter  in  the  oppt^ 
ate  fixwithe  mirrors  serving  ta  sefttet  it^and  concentnitf 
the  effect     Mr  Leslie  has  vary  happily  applied  his  theory 
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of  aerial  pubations  to  the  same  pbciiamaMm»*"**|he  epU 
sur&ce  being  auppoaed  to  abstract  calorie  firom  the  iMmti- 
guous  lay^  of  air,  whenee  a  momentary  oontr^ctioo  foU 
lows,  and  a  chain  of  puJaadons,  aocompanied  with  4iadttu> 
ge$  of  heatj  is  established  to  the  cold  body  by  the  medimil 
ai  the  mirrors  from  the  thermometer*  This  hypothesis 
will  of  course  be  adopted  only  if  the  general  theory  c( 
radiwt  heat  depending  on  aerial  puIsatiMs  be  received* 


SB 


Sect.  IV.— -On  the  Comparative  QuaniiHes  cfCkiorie 

contained  in  Bodies. 

* 

Camrzc  has  a  tendency  to  difiiise  itsielf  over  mattern«« 
til  it  prodnoe  an  equilibrium  of  temperature*  Heoee^ 
when  a  number  of  bodies  unequally  heated  are  placed  near 
eadai  other,  a  communication  <^  caloric  takes  place*  until  a 
common  temperature  is  established. 

From  this  tendency  to  fonn  an  equali^  of  t^anperature» 
it  might  p^haps  be^inferred*  that  caloric  difiuses  itself  e- 
qually  ovar  matter  i  that  it  wiQ  theref<we  be  ccmtaanad  in 
bodies  in  quantity  proportional  to  the  quantity  of  matter^ 
CHT  that  equal  weights  of  di&rent  portions  of  matter  wiB 
contain  at  the  same  temperature  equal  quantities  of  this 
power. 

lids  law  is  observed  in*the  distribution  of  caloric  in  ho* 
moge^eous  bodies^  different  portions  of  the  same  kind  of 
matter  containing  it  proportional  to  their  tanperaturea 
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and  quantities  of  matter ;  or,  at  least  the  deviation,'  with 
Regard  to  temperature,  is  inconsiderable,  if  it  even  exist. 

But  in  heterogeneous  bodies  a  different  law  is  observed ; 
each  contains  a  quantity  peculiar  to  itself  requisite  to  pro- 
duce its  temperature ;  nor  are  there  perhaps  any  two  bo- 
dies, which,  in  equal  weights  and  at  equal  temperatures^ 
contain  the  same  quantity  of  caloric.  This  was  first  ob- 
served by  Boerhaave,  with  regard  to  quicksilver  and  wa- 
ter. The  subject  was  prosecuted  by  Black,  Wilcke,  Irvine, 
and  Crawford  ;  and  from  their  researches  the  general  law 
has  been  established,  that  at  any  temperature,  different 
bodies,  in  equal  quantities,  whether  estimated  by  weight  or 
volume,  contain  unequal  quantities  of  caloric. 

This  truth  is  established,  when  we  attend  to  the  augmen- 
tation of  temperature  in  different  bodies  exposed  to  a  com- 
mon  source  of  heat.  They  are,  after  a  certain  time,  rai- 
sed to  a  common  temperature  ^  but  in  stiffering  this  rise,  it 
will  be  found  that  they  have  absorbed  very  different  quan- 
tities of  caloric.  Supposing,  therefore,  that  at  the  com- 
mencement of  the  experiment  they  contained  the  same 
quantity,  they  must,  at  the  temperature  to  which  they  are 
elevated,'  contain  unequal  quantities.  But  it  might  equal- 
ly be  proved,  that  their  quantities  must  have  been  unequal 
at  the  temperature  from  which  they  were  raised  ;,for  in  be- 
ginning the  e3q)eriment  lower  in^  the  scale  of  heat,  they 
would  have  required  unequal  quantities  to  ra^se  them  to* 
this  f  and  this  ariSing  from  some  property  in  the  bodies 
themselves,  which  will  always  continue  to  operate,  we  may 
conclude,  that  at  any  temperature  the  quantities  they  con- 
tain are  miequal.     The  same  conclusion  is  established  by 
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^mmunicatihg  an  equal  quantity  of  caloric  to  equal  quan- 
tities of  two  bodies  at  the  same  temperature^ — ^water  and 
quicksilver  for  example ;  the  augmentation  of  temperature' 
which  this  will  produce  will  be  very  different  in  each  ;  it 
will  amount  to  28  degrees  in  the  quicksilver,  when  it  is  on- 
ly one  in  the  water :  we  infer,  therefore,  that  water  requires 
2JB  times  more  caloric  than  quicksilver  to  raise'  its  tempe- 
rature, and,  of  course,  that  at  a.  given  temperature  it  con- 
tains a  quantity  so  much  larger* 

The  general  form  of  experiment  by  which  this  truth  is 
demcmstrated,  and  by  which  also  the  comparative  quanti- 
ties of  caloric  that  bodies  contain  are  determined,  consists 
in  mixing  together  determinate  quantities  of  bodies  at  dif- 
ferent temperatures,  and  observing  the  result  y  for  the  hot- 
ter communicating  a  portion  of  its  caloric  to  the  colder, 
we  can,  from  the  temperature  that  is  established  in  the 
mixture^  discover  how  much  the  temperature  of  the  one  ^ 
has  been  diminished  by  the  abstraction  of  this  caloric,  and 
how  much  that  of  the  other  has  been  raised  by  its  com- 
munication, and,  of  course,  we  discover  what  quantity  each 
requires  to  produce  a  given  change. 

In  homogeneous  bodies,  the  temperature  produced  by 
the  mixture  of  equal  portions  of  them  at  different  tem- 
peratures is  always  the  arithmetical  mean  between  the 
temperature  of  each  ^  the  excess  of  caloric  which  the  one 
contains  above  the  other  being  equally  divided  between 
them,  and  producing  the  same  rise  of  temperature  in  the 
one  portion,  as  it  does  of  reduction  of  temperature  in  the 
other.  But  when  the  same  experiment  is  made  with  two 
heterogeneous  bodies,  the  result  is  different  \  the  tempera- 
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tore  produced  never  being  the  mean  of  tlie  twa  origiaat 
temperatures.  Thus  if  one  pound  of  water,  at  tke  ton* 
peratore  of  156»  be  mixed  urith  erne  powid  of  mercnzy  at 
the  temperature  of  40,  the  lempenAure  vUcfc  retuka  is 
not  the  arithmetical  mean»  98^  but  it  not  lew  than  IM. 
This  proves,  that  the  change  of  temperature  produced  in 
the  one  by  a  certain  quantity  of  caloric,  is  entire^  difie* 
rent  from  that  produced  in  the  other  by  the  same  quanta 
ty  \  for  the  water  in  this  experiment  having  had  its  tem^ 
perature  reduced  from  156  to  158,  has  su£Eercd  »  reduc* 
tion  of  only  4  degrees ;  but  the  caloric  which  {>rodaoed 
these  have  raised  the  temperature  of  the  mercury  not  less 
than  112  degrees.  The  quantity  of  caloric,  therefore,  ne» 
cessary  to  raise  the  temperature  of  one  pound  ci  wi^r  4 
degrees,  is  sufficient  to  raise  that  of  an  equal  weij^t  of 
mercury  112  degrees;  or  the  quantity  requisite  to  raise 
.  the  temperature  of  one  of  these  iBuids  <Hie  degree,  raises, 
the  other  28.  This  wiH  be  the  case  at  evety  temperatare; 
and  therefore  at  any  point  in  the  scale  of  heat,  the  quanti* 
ty  of  caloric  contained  in  water  is  to  that  contained  in  the 
same  weight  of  merctity  as  28  to  1. 

If  the  experiment  is  varied  by  mixing  water  at  a  low, 
and  mercury  at  a  high  temperature,  the  result  is  the  same. 
If  one  pound  of  mercury,  at  156,  be  mixed  with  one 
pound  of  water  at  40,  the  temperature  produced  is  44. 
The  mercury  has  been  deprived  of  a  quantity  of  caloric, 
which  has  reduced  its  temperature  112  d^rees,  and  thia 
quantity  has  raised  that  of  the  water  4.  In  this  maanerf 
when  equal  wei^ts  of  two  different  bodies  are  mixed  to* 
gether,  the  temperature  produced  is  always  nearer  to  the 
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teinpcrtrture  (Of  iliat  body  wlkich  cotttdas  the  greatest 
^mmtitjr  of  cakmci  because  it  reiptireft  the  gr^ot^t  qdftfi- 
tity  to  prodtlce  in  its  tsmperflture  strf  ^luurige.  Thfe  pfa^ 
portion  is  also  l&diefited  fay  the-  e9^[>erfaiiiHt ;  the  coitipiita^ 
tire  qtumtitiei  of  cidorie  contained  in  the  t^ifo  bodite  being 
in  the  invcme  ratio  to  Ate  change  of  tanperatiyre  iA  6&ch 
by  their  nrixtot e^  The  general  fonttok,  therefofei  is  to 
nnM^  the  we^g^  of  ea^  body  by  the  number  of  de 
grees  betwete  to  original  tciffiperatln'e^  and  the  coinnion 
temperature  oUained  by  their  mrtture.  Tb6  comparative 
^nantiries  of  eelori^  tbey  contain  are  inversely  as  the  pro- 
ducts. 

When^  iiMtend  «Rf  oomptfrtng  tile  ^joantitiee  of  caloric 
which  ^ilal  iMigkti  of  dHfef  ent  hodins  cotitain^  we  compare 
the  quaiich^ c^ontahfedm  equal  iooiUf^Si  we  stiB  Bhd  that 
a  similar  difierenc'e  exists.  Thus  the  quantity  of  caloric 
neceisftry  to  Mise  Ae  t^tiipeiBtfire  cf  a  giv^  vdnme  of 
wifter  any  nvml^  of  di^ees,  i^  to  that  necessary  to  raise 
an  ecfuH  Viikamf  of  metemy  the  same  nuiAber^of  degvees^ 
as  9  to  1.  Tins  is  therefbre  the  proportion  between  the 
'Comparative  quantities  of  caloric  which  these  two  bodies 
eontaini  estimated  by  their  v(^mesv  ^d  siixtiUsr  diA^ 
renceil  esBist  widi  respect  to  every  other  kind  of  matter. 
The  coo^)araiive  quantities  of  cahmc  in  bodies  areusoiliy 
estiiMted  from  equal  weights  of  them  |  the  experiments  Ibr 
diis  purfK»e  being  more  eadify  exectfted  with  accuraey^ 
than  diose  by  which  they  are  estimated  from  eqoal  vohimes. 

In  ma&lng  Aese  experiments  on  solid  bodies^  the  $oHd» 
&e«fted  to  H  certain  temperatsre,  generaBy  tdr  212<^,  by 
isnoe^tiM  ift  boiteg  water^  is  tafan^rredf  imo  a  measnresd 
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portion  of  oold  water,  and  the  change  of  temperature  in 
ench  is  obserred.  In  experiments  in  which  water  wonld 
enter  into  chemical  combination  with  the  body  submitted 
to  trial,  Borne  other  substance  must  be  used. 

The  mode  of  asobrtaining  the  comparative  quantities  of 
caloric  in  bodies  by  mixture,  is  difficult  of  execution  so  as 
to  attain  perfect  accuracy,  from  the  sources  of  error  to 
which  it  is  exposed.  A  certain  time  is  required  befiare  the 
,  common  temperature  is  estafaJished,  during  which,  part  of 
the  heat  is  abstracted  by  the  vessel,  and  by  the  external 
air;  and  this  is  differtot  in  different  cases,  being  in^ 
fluenced  by  the  difference  of  specific  gravity  in  the  mb^ 
stances  cfperdtei  on,  the  fiaicility  with  which  they  mix, 
their  conducting  powers,  the  quantities  operated  on,  and 
the  agitation  communicated*  Hence  other  methods  have 
been  proposed. 

The  principal  of  these  is  by  an  instrument  contrived  by 
Lavoisier  and  La  Place.  -  Ice,  in  melting,  absorbs  a  quaiw 
tity  of  caloric,  which  does  not  raise  its  temperatu)^ ;  this 
quantity,  being  uniformly  the  same,  or  equal  to  what 
would  raise  the  temperature  of  the  same  weight  of  ic&> 
ccid  water  135  degrees  of  Fahrenheit's  scale*  If,  there- 
fore, any  body  at  a  high  temperature  be  inclosed  in  a 
sphere  of  ice,  so  that  the  caloric  it  gives  out  in  coofing  is 
communicated  entirely  to  the  ice,  the  quantity  which,  has 
been  given  out  may  be  inferred  from  the  quantity  of  ice 
melted,  or  water  produced.  On  this  is  founded  the  ocm- 
struction  of  the  Calorimeter,  represented  Plate  11.  Fig.  10. 
It  consists  of  three  vessels,  A,  B,  C,  adapted  to  each 
other,  and  inserted  the  one  within  the  other,  so  as  to  leave^ 
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a  cavity  betvraen  the  sides  of  each.     A  ia  a  cage  of  irCHOi 
net-work,  and  is  designed  to  contain  the  body  which  is  to 
be  subjected  to  esqperinient,  which,  if  solid,  is  placed  with- 
in it,  heated  to  a  ksertain  temperature ;  if  liquid,  is  inclosed 
in  a*g]as8  matrass.     The  second  vessdi,  B,  is  designed  to 
contain  the  ice,  from  the  melting  of  which  the  qaantity  of 
<;a]oric  given  oat  by  the  body  in  the  first  vessel  is  to  be 
^rtimaled.   Th&ioe,  broken  into  small  pieces,  is  supported 
on'an  inmgrating  at  the  bottom,  tfarought  which  the  w»- 
ter  fihxates,  and  is  conveyed  off  by  a  pipe  with  a  stop- 
cock a,  which  comes  from  the  bottom  of  tiie  vessel     It 
has  a  doulde  cover  6,  also  adapted  to  it,  capable  of  con^ 
taining  ice }  the  under  part  of  this  being  perforatedi  so 
that  the  water  which  may  be.  formed  from  the  meltii^  of 
any  of  the  ice  it  contains  may  drop  into  the  cavity  itself,' 
and  csm  thus  be  collected  to  be  measured.    The  third,  or 
outer  vessel,  C,  is  similar  in  its  construction  to  the  second, 
and,  like  it,  is  to  be  filled  with  pounded  ice,  when  the  exr 
perunent  is  to  be  performed.     The  design  of  it^is  to  pre^ 
vent  the  agency  of  the  external  atmosphere,  which,  if 
above  the  temperature  of  32^,  would  communicate  caloric 
to  the  ice,  and  of  course  would  contribute  to  its  fusion, 
and  prevoit  us  from  .considering  the  quantity  of  water 
produced  as  a  measure  of  the  quantity  of  caloric  which  the 
hot  body  had  given  out ',  or  if  below  32^,  it  would  abstract 
calcnric,  and  lessen  the  quantity  that  would  otherwise  be 
indted*     Tins  is  obviated,  by  placing  pounded  ice  in  the 
outer  vessel,  with  a  portion  of  water,  the  middle  Vessel 
'  being  thus  surrounded  with  a  medium  at  the  temperature 
of  325.    It  has  a  double  cover  D,  containing  pounded  ice^ 
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Slid  a  tube  and  itop-odeki.  by  wUcb  the  mter^  y^Aum  it 
«DCiaftiikte8)  can  be  withihawn. 

Tim  method  is  free  from  thoie  sonoea  of  cMor  t6 
whieh  the  mode  by  raixture  it  Bdbfe.  *B«t  it  i»  expcieed 
to  othela#  which  Ntador  ittacciiracy  doubtfid.  It  is  <Bffi« 
coit  to  ftwfimtf^  the  qimitiff  of 'water  prodated  ttam  the 
fitsicai  of  the  ice ;  for  a  poithm  of  it  is  rcteined  bj  capiDa-- 
vyattractioliintbeititerBtioesofthemass;  sAdfiomsottM 
obBertatioiiSt  it  appcMrs^  that  a  portaon  of  tfe  water  pro» 
dueed  in  Ae  opper  part  of  the  i^iparatus^  in  fikratii^ 
throaj^  theke  beneath^  is  again  oongeried,  pfobsUjr  fttmi 
die  inflnttioe  of  the  foros  of  cohesion  exerts  from  the 
siirfiMes  of  the  fragments  of  ioe. 

The  comparative  qnantities  of  caloric  in  bodies  haft 
been  attempted  to  be  estimated  from  obsening  th^  times 
equal  vahttttes  of  them  require  to  cool  through  a  certain 
jnterral  of  the  thermometric  scalet  the  times  being  as  their 
quantities  estimated  by  the  tohune,  and,  if  divided  by  die 
specific  gravity  of  the  substance  cperated  on,  as  estimated 
by  tlie  weig^  But  the  prindide  of  this  method  appesn 
not  quite  correct,  the  times  of  cooling  being  inflaeneedby 
ether  circumstances,  aa^  particular^  by  the  conducting 
and  radiating  power* 

Some  methods,  too,  have  been  proposed  pecuSar  to  the 
aerial  fitdda»  The  difficukies  in  ascertaining  the  quan* 
titles  of  caloric^  correspotiding  with  the  dianges  of  tern* 
perature  in  these  by  mixture,  are  extremely  great, 
fraok  the  smaUoess  of  the  quantity  we  can  operate  on, 
corafMured  with  the  vohune  the.air  ocnqsies.  In  the  mode 
by  the  calorimeter,  the  errors  fr«mi  this  source  areaome^ 


mh$t  AnifikiMd,  froft  ike  qamtky  opmteA  m  bdng 
hitger  I  thd  iriMfll  fittid  bebig  piSMd  through  the  iiigfcrti^ 
AMt  fag^  ft  qpi««l  tub^  tbe  teiafMiMtttfd  i»  k  e&lefs  md 
passes  out  beiitg  «Miertaai«i  by  tb^ntiOBietelW  Bm  fltlQ 
lb*  itesttlto  are  prahdtify  conridtf a1%  rsmoCe  fnmi  a^cilrft- 
<^^  Mr  Ledte  ^te^vf od^  Ihntwhcai «  portion  of  a^  Is  tn^ 
«MbttinitfSMd^<iklttoitkalp<gldfcritsi^^ 
MiqparAtiinr  of  Ikw  MrtMAditig  iiMdlttBif  m  adioiaitig 
^nddoily  «ti4ditf  pcnrtiM  cf  air  into  die  partial  vamitiBfe^ 
tli6  tatfUltfdair  kconapreswd  ^  it  hcMce  gii^«B  out  a  ^ftUli*^ 
ly  cCctlotiCt'tfDd  diis^  commiiidcatod  to  tbe  air  wlddi  has 
been  admitted,  mass  its  temperatitfe.  But  the  iii6  ivitt 
bekssy  as  tttb  ak  reqidxt^  »(» e  (tatoric  to  prodiioB  iii  i^ 
gh^an  dbM||(e  of  ioopctatitfe  ^  aad  tliersfere  in  opsratin^ 
ondidbrettC  ai»rialfidds^  tke  ooaqparadve  qaantities  majr 
be  ^soordvad  ftoj0t  ikti  tespedive  devakiona^.of  tampera^ 
tera.  Tkenaibod  is  «attram%  ingodoosy  but  attended 
wkbiM&siderable  dlffisidties  in  the  ecscofion,  so  sa  to  a^ 
tam  accttfate  i«bi^s» 

The  property  by  which  diiferant  bocties  eonCEdb  tbdr 
rsspective  qaMtMee  of  catoriC)  haa  been  iettmed  Ae  GiSp- 
packy  feir  Heat,  or,  adi^>taigtheesp«esfliei»totheniedem 
nomenclature)  the  Capacity  ef  a  body  for  Califfic;  This 
tenn  is  not  dcsigntd  to  unpljr  any  theoiy  wtth  rq;tttl  to 
the  caose  of  this  property,  or  thd  nature  oiit  ^  nof  does  it 
pnesenti  sa  has  been  ai^gad^  a  vsgue^or  obscifire  ideair  It 
is  simply;  a  general  eapttdsskm,  to  denoie  the  property^  in 
eoBseqacnce  of  whkb,  bodies  contain  at  any  give»  ^em* 
pcratore,  in  equal  ^paantitiaSf  paualiar  quanlWea  of  cafifisie. 
That  they  do  so>  is  uaKfaestiKxaabfey  and  it  i»  eonv^luent^t* 
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have  a  general  temn  by  which  this  can  be  espreftaed.   Thr 
quantity  contained  in  a  body,  v£nd  peculiar  to  it,  has  he&t 
named  their  Comparative^  or  their  Specific  heat.     Ihe 
phrase, Specific  Caloric  is  generally  adopted. 
.    What  the  nature  of  this  property  is,  or  &nn  what 
cause  different  bodies  require  different  quantities  of  calo- 
ric, to  produce  in  them  temperature  to  the  same  esteot, 
IS  not  easily  determined.    It  is  in  general  true,  that  bo- 
dies which  are  rare,  have  capacities  for  caloric  greaUr 
than  those  which  are  more  dense.    It  is  even  found,  that 
we  augment  the  c$spaaty  by  diminishing  the  density  of 
any  body ;  the  rare&cticm  of  an  aerial  fluid,  £ar  example, 
in  which  this  can  be  done  to  the  greatest  extent,  being  at- 
tended with  a  reduction  of  temperature  Jrom  enhu^gement 
of  capacity,  and  its  cond^isation  being  followed  by  the 
opposite  result.     In  liquids  or  in  solids,  condensation  k 
likewise  accompanied  with  a  similar  change  fiNMn  the 
same  cause.     But,  although  there  is  this  genend*conoec« ' 
tion  between  the  rarity  of  a  body,  and  its  capacity  for  ca- 
loric, it  is  not  invariable  or  proportional ;  if  it  were»  in- 
deed,  the  quantities  of  caloric  contained  in  bodies  at  given 
temperatures  would  be  as  their  volumes, — a  law  which  is 
&r  fi*om  being  observed. 

There  must,  therefore,  be  some  other  cause  by  whidi 
this  is  niodified.  If  we  regard  caloric  as  a  material  sub- 
stance rsubject  to  attraction,  the  attraction  exerted  to  it  by 
the  substance  in  which  it  is  contained  might  be  supposed 
to  be  the  cause  modifying  the  law,  which  would  otherwise 
be  observed  in  its  distribution,  and  by  which,  in  conse- 
quefice  of  it$  perfect  elasticity,  it  would  be  contained  in 
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llodies,  in  quantities  proportional  to  t£ie  void  spaces  be^ 
tween  their  particles.  But  the  relatione  of  this  agent  are 
so  imperfectly  known,  that  no  theory  in  which  we  can 
place  much  confidence  can  be  ^ven,  and  the  fact  must 
merely  be  stated  as  an  ultunate  one,  that  bodies  require 
specific  quantities  of  caloric  for  the  production  of  tem- 
perature. 

A  question  of  s<»ne  interest  is,  whether  the  peculiar  re* 
lation  of  eadh  body  to  caloric  is  the  same  at  all  tempera^ 
tures  )  in  other  words,  are  their  capacities  for  it  uniform 
and  permanent.  It  is  possible  this  may  not  be  the  case ; 
but  that  the  rise  of  temperature  itself,  and  the  eflTects  by 
which  it  is  accompanied,  may  give  rise  to  a  change  in  the 
relation,  so  that  a  greater  or  less  quantity  of  cidoric 
may  be  required  to  produce  a  given  rise  of  temperature, 
at  a  high  than  at  a  low  part  of  the  scale  of  heat.  When 
the  mechanical  condition  of  a  body  is  changed,  when  it 
passes  to  the  fluid  or  aeriform  state,  this  change  of  capa- 
city actually  happens.  Does  a  similar  change,  though 
less  perceptible  at  any  particular  stage,  h^pen  from  the 
progressive  expansion  to  which  elevation  of  temperature 
gives  rise  ? 

The  experiment  by  whidi  this  has  been  attempted  to 
be  determined,  consists  in  mixing  equal  portions  of  the 
same  body  at  different  temperatures^  if  the  capacity  is 
permanent^  the  r^^ting  temperature  ought  to  be  the 
arithmetical  mean ;  for  the  hotter  portion  communica^ 
ting  the  half  of  its  excess  of  caloric  to  the  colder,  the 
one,  if  the  cf4)aoity  is  the  same  iii  each,  ought  to  suffer 
just  as  great  a  reduction  as  the  other  sustains  an  elevation 
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^Kftempenttiupe?  Bntifthe^cHiejiordoiihadapealer 
pfici^  than  the  oiher»  tboi  the  chm^  it  culfers  vnist  b^ 
Im  ooasideraUey  md  the  rrsuldng  teoiperatnre  nmt  ap- 
pcoach  nearer  to  its  temperature  than  to  that  of  tlbe  other, 
and  of  oourve  deriate  from  the  mean*    The  experiment  ia 
difficult  of  execution^  so  aa  to  attain  perfiact  aocmracj, 
especially  as  no  great  range  of  temperature  can  be  sob* 
mitted  to  experinient»  and  as  the  diffidence  in  enpacity, 
therefore)  if  it  exist,  cannot  be  expected  to  be  grost.    I>r 
Crawford  from  his  «perimenits  was  di^osed  to  epnchide^ 
that  the  capacities  of  bodies  are  perman^it  (  but  he  per- 
haps  was  somewhat  inflaenoed  in  drawing  this  condn^on 
by  theoretical  views.    It'  iqppefurs  to  be  more  probaUe 
from  theory,  that  the  espadty  should  be  progiessiTia  with 
regard  to  temperatttre*  or  should  be  greater  in  the  high^ 
than  in  the  lower  portions  of  the  scale  of  heat }  for  ibis 
property  is  naqueslionabfy  lo  a  oertsia  extent  connected 
with  the  density  embodies,  being  under  a  genefal  point  of 
view  greater  as  they  are  less  dense,  and  faeingiacra«ed  in 
any  body  when  its  vdume  is  adsfgad;  and,  as  riie  of 
temperature  is  accompanied  with  enlargement  ef  vidume^* 
this  may  be  expected  to  give  rise  to  augmentation  of  ca* 
pacity.     In  any  interval  of  temperature  whidi  we  can 
measure  this  may  not  hp  considerable;  but  considered  in 
relation  to  the  whole  scale,  we  cannot  conjeftnre  iti 
amount,  for  we  know  not  the  estnnt  of  e^ansion  from 
the  commencement  of  the  scale. 

There  is  even  reason  to  doubt  if  the  permanence  of  ca^ 
pM»fy  be  established  within  the  range  of  temperature  at 
whiA  bodies  can  be  easily  submitted  to  cxperimeQt«  IV 
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^y^^lpjiMwi  of  Oasrfbrd  rested  very  mudb  on  the  pienoos 
assmnptioii  of  the  aamraejr  of  the  thamOBieter,  lUod  » 
invalidated  if  the  ^[paiisiont  of  the  thevmam^tiieal  liquid 
are  profffeaam  trith  vegaid  to  tanpemtiira,  as  this  wmaid 
eoimterbalanoe  the  effect  froon  eobigemoit  of  oaiiao|ty»  if 
thi&  happened^  and  give  rise  to  an  ai^wtment  whenee  the 
effect  of  neither  might  be  iq^paient  And,  irith  Mgard  to 
some  bodies,  it  is  asoertained,  even  by  Qrawibid^s  own  ex* 
perimoats,  as  well  as  by  those  of  OadoJin,  that  the  eapa- 
eities  are  not  pemanent,  bnt  jacvease  mth  the  tempa^sr^ 
tare,  rendering  there^e  aoore  probaUe  the  conehisioo 
that  this  is  a  genersl  vesnltt 

The  law  vit^  regard  to  the  distribution  of  caloric  in 
bodies  is  of  the  first  importance,  as  giwf  the  ^eoqr  of 
ohanges  of  imnperature  fiwm  diemical  aotion.  Combina* 
tjon  is  almost  invajnably  attend^  with  a  change  ef  capa- 
titff  the  capacily  of  th/e  compouibd  9Pt  being  the  sseaa  of 
the  cfl^^aoitie^  of  t^  bodi^  Qo&ibined*  When  k  is  great* 
er  the  temp^q^nre  %lls ;  when  it  is  less  1^  tempaniture  is 
rais^.  Oi^  this  prine^e  are  esqplained  the  produf$ion  of 
heat  in  eomhuatiqp,  in  reqpivaitiof ,  and  yi  a  munlier  of 
chemical  combinations,  and  the  prodMction  of  co^  in  the 
solatkms  of  salts  in  water*  and  in  what  ave  denominated 

From  tke  natuyfe  erf  the  methoda  by  TiJuch  the  qt>«ntitieB 
of  a^bric  which  bodies  contain  are  ascwtained,  it-is  evi» 
dent  that  we  discover  the  comparative,  not  the  absohrte 
^entities.  \Ve  find  onfy  how  much  caloric  a  body  gives 
oat,  or  absorbs,  during  a  certain  change  of  temperature^ 
and  fay  observing  the  change  of  temperature  which  die 
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body  from  which  it  has  received,  or  to  which  it  has  given 
caloric  suflPerSf  we  may  ascertain  the  comparative  quanti- 
ties necessary  to  produce  equal  changes  of  temperature  in 
these  bodies.  But  we  do  not  learn  the  pfTopbrtion  which 
the  quantity  in  each  bears  to  the  whole'  caloric  which  it 
contains  j  and  therefore  the  capacities  of  different  bodies 
are  to  be  considered  as  merely  comparative.  Hence  it 
becomes  necessary  to  fix:  on  one  body  as  a  standard  to 
which  the  others  may  be  referred.  Water  has  been  cho- 
sen as  dus  standard^  its  capacity  is  stated  at  the  arbitrary 
term  of  1000,  and  with  this  the  capacities  of  other  bodies 
are  compared.  Thus  the  capacity  of  arterial  blood  is 
stated  at  lOSO,  indicating,  that  if  at  any  temperature  a 
certain  quantity  of  water  contain  1000  degrees  of  caloric, 
the  same  quantity  of  arterial  blood  at  the  same  tempera- 
ture will  contain  1080  d^rees.  The  capacities  are  usually 
referred  to  equal  wei^ts,  not  to  equal  volumes  of  bodies; 
but  the  latter  are  easily  found,  by  multiplying  the  rilunber 
expressing  the  specific  caloric  of  any  body  estimated  .by 
its  weight,  fay  the  number  which  denotes  the  specific  gra-  t 
vity  of  the  body;  the  product  is  the  spedfic  caloric  esti- 
mated by  the  volume. 

In  the  following  table,  the  capacities  of  a  number  of  n 
bodies  are  stated  as  ascertained  by  Crawford,  Irvine, 
Wilcke,  Gadolin,  Kirwan,  Lavoisier,  La  Place  and 
Dalton, — the  initial  letter  annexed  to  each  denoting  the 
authority.  I  have  inserted  those  only  which  have  been 
ascertained  by  the  method  of  mixture  or  by  the  calorime- 
ter, tliose  determined  by  other  methods  being  more  doubt- 
ful* I  have  also  omitted  several  ascertained  by  the  method 
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of  mhttore  which  still  appear  doubtful  or  unimportant. 
Where  any  difference  in  the  capacity  of  the  same  sub- 
stance, as  ascertained  by  different  experimenters,  exists, 
this  is  pointed  out  by  a  reference  to  the  different  numbers. 
The  taUe  is  subdivided,  according  as  bodies  exist  in  the 
aerial,  the  liquid,  or  the  solid'form,  their  capacities  being 
different  in  tlies^  difierent  states. 


TABI4E  OF  CAPACITIES. 


Gases. 


1  Hydrogen  gas, 

2  Oxygen  gas, 

3  Atmospheric  air, 

4  Aqueous  vapour, 
,5  Carbonic  acid  gas, 
IS  Nitrogen  gas. 


lAquidt. 


7  Alkohol,  (12,  34) 

8  Arterial  blood, 

9  Water, 

10  Milk,  -  -  - 

1 1  Solution  of  mur.  of  soda,  1  in  10  of  water, 

12  Alko!iol,  (7,  34)  .  - 

13  Sulphuric  acid,  diluted  with  10  of  water, 

14  Solution  of  muriate  of  soda  in  6.4  of  water, 

i  5  Venous  blood,  -  -  - 

16  Sulphuric  acid,  with  5  parts  of  water, 

17  Solution^of  muriate  of  soda  in  5  of  water, 

1 8  Nitric  acid,  (30)  -  -  - 

19  Solution  of  muriate  of  soda  in  3.33  of  water. 


20 
21 

22 
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nitrate  of  potash  in  8  of  water, 
muriate  of  soda  in  2.8  of  water, 
muriate  of  soda  saturated,  or  in  2.69 
water, 

L 


21.4000  C. 
4.7490— 
1.7900— 
1.5500  — 
1.0454— 
.7936— 

1.0860K« 
1.0300  C. 
1.0000 

^9999  C. 
.9360  G. 
.9300  Ir. 

.9250  O. 

.9050— 
^  .8928  C. 
.8760  G. 
.8680  — 
.8440  K. 
.8208  G. 
.8167  L. 
.8020  G. 


of 


.7930  G. 
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3$  CitottfiiS  iol|ihiirie  turidy  (41,  43,  44,  45) 

24  Sulpbwic  a6kl,  «4Ui  2  parts  of  water, 

25  Solution  of  sulphate  of  soda  iu  2*9  of  water, 
i6  Olive  oil,  ,  -  . 

27  WfttJfr  of  ammotiia,  spccifrc  gravity,  0.997, 

28  MwriMlic  titilAy  ^Mc  gravity  1 . 1 22, 

29  Sttlpbtinc  «cul»  4  parts  with'  5  of  water, 

30  Nitric  acid,  specific  gravity  1.29895,  (19) 

31  Mixture  of  nitric  acid  with  lime,  9§  to  1, 

32  Sulphuric  acid,  wit^  ea  equal  weight  oi  water f 

33  __«^ 4  parts  with  3  of  water, 

34  Alkofaol,  (7,  12) 

3i»  Nitrous  acid,  specific  gravity  1 .354. 
96  Luiseed  oil,  ... 

37  Spermaceti  oil^  •  -  *  - 

99  StiiphAric  acid,  with  }  of  water, 

39  Oil  of  turpentine,  (42) 

40  Sulphuric  acidi  with  ^  of  water, 

41  Sulphuric  acid,  (23,  43,  44,  45) 

42  Oil  of  turpentine,  (39)  ... 

43  Sulphuric  acid,  concentrated  and  colourless^  (23) 

44  _i— ii—  specific  gravity  1.87058, 
45 ^ —  (23,  41) 

4/5  Spermaceti  melted,  ... 

47  Quicksilver,  specific  gravity  13.30, 

48 

49  — 
50 


So&di. 


51  Ice, 
52 

53  Beef  of  an  ox, 

54  Rice, 

55  Pease, 

56  Wheat, 

57  White  wax. 


.7580  — 
.7490  G. 
.7280  — 
.7100  — 
.7O8O  — 
.6800  — 
..«63l  L. 

.6613  — 
.6189  — 

.6050  G. 
•6031  L. 

.6021 C. 

.5760  K. 
.5280  — 
.5000  C. 
.5000  G. 
.4720  K. 
.4420  G. 
•4290  C. 
.4000  Ir. 
.3390  G. 
.3345  L. 
.3330  Jr. 
.3200  — 
.0330  K. 
.0290  L. 

.0290  W. 

.0280  Ir. 


.9000  K. 
.8000  Ir. 
.7400  — 
•50610  C. 

^926  — 
.4770  — 

.4500  G. 


OPCJLLOjnGU 


16S 


4S  QwckliiiMi  with  w4ti»-»  )iS  to  9, 
9  Barley, 

61  Ciuu-coal  of  birch-wood,  (fij) 

62  Quicklime,  (72,  74)  ... 
^3  -iM., ,.     —  saturated  with  water,  aod  dried, 
^PilHCQa], 

€5— • 

€6  Chalk,  (68,  73) 

67  Chwoal,  (61)  .  . 

^8  Chalk,  (66,  75) 

6j  8oer«ftlt,  (73)  .  .  . 

70  Wb^te  oxide  of  aBtimouy  washed, 

71  Oxide  of  copper, 
7ft  Quicklime,  (fi2^  74) 

73  Munnte  of  soda  io  crystals,  (69) 

74  QaiAklime,  (62, 72)  -         .      . 

75  Cfeulk,  (66,  68) 

76  Camn  glass,  ^       ^  -  - 

77  Ag^te,  specific  gravity  1{648, 

78  Fliiit-glass,  specific  gravity  287,  (fii) 
70  Sulphur,  - 

80  -1^ <84) 

81  White  glass,  specific  gravity  S.SSdi,  (78) 
B2  White  clay  burnt,  -  ^ 
39  Bluak  lead,               u 

84  SWphur,  (79,  80) 
8^  Oxide  of  antimony, 

86  Iron,  (89,  91,  92,  95) 

87  Oxide  of  zinc, 

88  White  cast  icon,  ... 

89  Iroo,  ... 

90  White  oxide  of  arsenic, 

91  Iron,  (86,  89,  92, 95) 

52  Iron,  specific  gravity  7876, 

93  Hardened  steel,  *  .  . 

^4  Steel  softened  by  fire, 

L2 


-4891 JU 

«4210C. 
,41&)_ 

^9  JOG. 
4000  D. 

^777  C. 
.2700  D. 

•t63lC. 
*fl564  — 
J2300D. 
.«272C» 
•5272  — 

«2289-^ 
•226OG, 
*ei68  U 
.4070  G. 
.2000  If. 

.4950  w: 

•1900  Du 
.1900  — 
.1890  Ir. 
.1870  W. 
.i  850  G. 
.IMO^ 
.i830iC 
.1666  C. 
.1450  Ir. 

•1369 C. 

.1320  G. 
.1300  D« 
.1260  0. 

.1269  C. 
.1260  W. 

.1230  — 
.1200--* 
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95  Soft  bar  iron,  specific  giiavity  7-7^^9  (B6,  S9) 
.  96  Brass,  specific  gravity  8356,  ($S) 

97  Copper,  specific  gravity  8.785,  (J99)  ^ 

98  Brass,  (9^ 

99  Copper,  (97) 

100  Sheet  Iron,  ,  -  - 

li)l  Zinc,  specific  gravity  7154^  (107) 

102  — —  .  -  - 

103  Nickel,  -  -  - 

104  White  oxide  of  tin, 

105  Hammered  copper,  specific  gravity  9150ti 

106  Oxide  of  tin,  (104) 

107  Zmc,  (101) 

lOS  Sublimed  arsenic, 

109  Silver,  specific  gravity  10.001, 

110  Tin,  (115)   .  .  -  . 

111  Yellow  oxide  of  lead, 

112  White  lead,* 

113  Antimony,  .  -  . 
114 specific  gravity  6l07> 

315  Tin,  specific  gravity  7380,  (110) 

116  Red  oxide  of  lead,  .  .  - 

117  Gold,  specific  gravity  1904, 

118  Vitrified  oxide  of  lead, 

119  Bismuth,  specific  gravity  986l, 

120  Lead,  specific  gravity  1145| 
121 


.II60W. 
.1140W. 
.1123  C. 
•1111  — 
.1099  L. 
.1020  W. 
.1000  D. 
•1O00-— 

•0990  C. 

•0970  G. 
.0960  K. 

.0943  C. 

.0840  G. 
.0820  W. 
•O704  G. 
JO6SO  — 
M70  — 
.0645  — 
.0630  W\ 
.0600  W. 
.0590^G. 
.0500  W. 
.0490  G. 
.0430  W. 
.0420  W- 
.0352  a 
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Sect.  V. — Of  the  Quantities  of  Caloric  which, Different 
Forms  of  the  same  Body  contain. 

Besides  the  general  law  which  has  been  demonstrated, 
that  di£Perent  bodies,  in  equal  weights  and  at  equal  tempe- 
ratures, contain  unequal  quantities  of  •caloric,  it  has  fur- 
ther been  established,  that  a  similar  law  exists  with  reqiect 
to  the  same  body  in  its  different  states  of  aggr^ation :  a 
body  in  the-fluid  form  contains  mqi^e  caloric,  or  requires  a 
larger  quantity  to  produce  a  given  change  of  temperature 
in  it,  than  it  does  while  solid  ;  and  in  the  state  of  f4r  or 
vapour,  it  requires  still  more  caloric  than  it  does  in  the  li- 
quid form.  Hence,  when  a  solid  is  melted,  or  a  liquid  is 
converted  into  vapour,  a  quanti^  of  caloric  is. absorbed, 
which  has  no  effect  in  producing  augmentation  of  tempe- 
rature.  This  gives  rise  to  the  phenomena  of  ^hat  has 
been  denominated  Latent  Heat,  for  the  discovery  of 
which  we  are  indebted  to  Black. 

The  truth  of  the  fact  is  sufficiently  evident,  when  the 
phenomena  attending  lique&ction  and  vaporization  are  at- 
tentively examined.  When  caloric  is  communicated  to  a 
solid  body,  increase  of  temperature  is  produced,  and  thi$ 
continues  to  proceed  while  the  caloric  continues  to  be  add- 
ed, until  the  body  anrives  at  its  melting  point :  but  when- 
ever it  begins  to  melt,  the  rise  of  temperature  ceases, 
though  the  addition  of  caloric  be  continued  as  before ;' 
.and  the  fluid,  as  it  forms,  remains  at  one  point  until  the 
^sion  is  completed.    In  this  case,  then,  it  is  evident,  that 
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a  quantity  of  caloric  diMsppean ;  for  it  continueft  to  be 
added  to  the  body,  but  has  no  eftct  in  raising  it»  tenq)e^ 
rature.  The  case  is  the  same  when  a  Uqnid  is  converted 
into  vapour*  Its  temperature  is  first  raised  to  the  point 
at  which  it  begins  to  boil,  by  the  commumcatioii  of  cdo* 
rfc$  bat  though  the  cottunnnieatioa  he  stiB  cdiilinvied> 
the  femp^rMure,  *eilhet  tuf  the  fluid  wUdh  is  •?apevatiag> 
libr  of  the  tapour  rising  frotti  f^  fa  ftidler  nuaad»  ham 
i^^iains  stmionety  at  that  Aepm  in  Ae  thftwomeiricil 
scale  at  which  the  conversion  into  tttponr  commenced^ 
untS  the  whole  be  etiE^raied.  It  ia  evident,  Aerefae^ 
that  in  this  case  also  a  ^uanti^  #f  calorie  fa  afMftMd  bgr 
the  vapour  formed,  which  has  no  eAct  in  vakklg  its  ten'- 
perattite.  Tlie  liquid  or  vapour,  after  H  fa  foftned,  hafe 
its  temperstture  raised  by  additions  ti  caloric. 

It  was  from  considering  these  &ct8,  thai  Dr  Bhck  OM^ 
duded,  that  during  liquefaction  and  vsqporizatkm  a  quaft*' 
tity  of  calorie  is  lost,  becomes  latent,  or  passes  into  the 
body  without  raising  its  temperature, — a  oondusion  whicik 
he  established  by  very  simple  but  decisive  ea^pernnents, 
affording  an  admirable  example  of  chemical  teseardi. 

To  prove  it  with  regard  to  fiquefa^on,  he  jdaoed  equal 
portions  of  water  in  two  vessels,  cooling  the  one  portioft 
to  S2^,  and  causing  the  other  to  freese,  but  takbig  care 
thai  the  ice  should  not  be  lower  than  this  temperature. 
They  were  equally  exposed  to  an  atmosphere  somewhat 
wanner,  from  which  of  course  they  received  heat,-*-the 
temperature  of  the  water  soon  rose,  and,  at  the  end  nihsX 
an  hour,  the  rise  amounted  to  7^.  But  the  temperature 
of  the  ice  remained  stationary  at  8!2,  though  it  must  have 
received  caloric  equally  with  the  otlier.  It  merely  began  to 
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nuk'i  it  caiitiniied  to  do  ao  ilowljr,  and  for  its  endrefiiBion 
lOJ.  hours  were  regnirod,  diuring  which  its  tenipentuxe 
^Pitfjmigd  sdie  Mune.  NoWi  jodgiiigAecim  the  rise  (tftem- 
.pei«tore  jvhidi  the  watcir  had  sustained  m  half  aa  hour, 
and  ataiMningy  whattli^re  can*^  jqo  doubt  of,  that  the  ke 
received  calortc  e^fuUf  with  the  water,  in  the  time  xeqoi- 
Tedtomdtit,  ];tm|Mt|^Hreab8<»Aled^(qQa9ti^'Qf  cidbtic 
equal  to  what  eroi^d  liaw  jnased  Ae  tenqMratve  4j£  the 
ttme  wdgfat  of  water  IdO*^,  yet  it  «]£Eered  no  angpneiit*- 
lion  of  temperature  This  residt  was  confirmed  by  an 
eKperiment  made  in  #  different  manner,  in  whieh  the  die* 
appearance  of  a  ho^  portion  of  cakric  is  rendered  stiD 
more  8trikingr-*iaddin§  a  given  wei|^  of  ice  at  92°  to  the 
same  we^;bt  of  water  at  the  teoqperatnie  ^of  172.  The 
ice  was  melted,  but  the  temperature  of  die  wboke  liqnid 
was  only  88 ;  a  quantity  of  caloric,*  therefore,  which  raised 
the  ten^ierature  of  water  140^,  had  m  diia,  as  in  the 
former  experiment,  disasneared* 

The  caloric  thus  fdisoibed  by  ice  in  melting,  Dr  ^ack 
found  is  again  given  Out  lAmx  water  is  congealed.  This, 
he  observed^  is  evident  fiom  the  .t^aaperalure  4st  freedng 
water  baiBg  stationary  at  82^,  th^n^  the  iemperature  of 
>the  surtonnding  mediini  may  he  much  ^er  than  difi; 
the  orater^  aa^t  passes  to  die  splid  state,  giving  out  the  ca^ 
Imae  it  had  absorbed  when  it  waa  formnd :  wfaatevtr  may 
be  the  caieri^  of  ibe  freasing  6oom  the  oold  dt  .the  snr- 
ToiMiding  medyaoi,  the  evolution  of  cakxric  must  always  be 
proportiDiial  to  it,  and  hence  the  tenqpemture  caimoc  be 
reduced  until  die  whole 'is  ooqgealedl  The  temperature 
ef  the  ice  will  then  &I1  to.that  of  the  mailer  around  i^ 
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This  evolulion  of  heat  in  congdadon,  Dr  Black  rendef^ 
ed  more  flensible  by  direct  eaEpenment.  Having*  added  a 
little  salt, to  aportion  of  water,  so  as  to  enable  it  to  sustaun 
reduction  of  temperature  below  S2^  without  ficeesingy  he 
exposed  it,  with  a  similar  portion  of  water  in  aaotiier  yea* 
sel,  to  a  cold  atmosphare.  Both  were  cooled  with  regu- 
larity to  32^  'y  but  at  this  temperature  the  pure  water  re- 
mained stationary,  while  that  with  the  salt;  dissolved  in  it 
continued  to  fall  lowers  the  former  must  equalfy  have  so^ 
fered  an  abstracticm  of  caloric  with  the  latter,  butcaloiic 
being  evolved  firom  its  congelation  prevented  its  ML  In 
another  experiment,  Dr  Black  cooled  water,  by  avoiding 
agitation,  a  number  of  d^ees  below  its  usual  freesii^ 
point,.  32^ :  on  agitating  it,  it  congealed^  and  the  tmopert^ 
ture  instantly  rose  to  32^  from  the  evolution  of  the  caloric 
peculiar  to^  it  in  the  state  of  water. 

Similar  experiments  were  made  by  Irvine  on  spennaoo- 
ti,  wax,  and  tin ;  they  have  since  been  extended  to  other 
bodies,  and  with  regard  to  all  the  same  law  has  been  esta* 
blished,  a  portion  of  caloric  peculiar  to  each  being  ab- 
sorbed when  the  body  melts,  without  ^^mmi^  any  rise  of 
temperature,  and  this  portion  of  caloric  concealed  in  the 
liquid  becoming  sensiUe  again  when  it  is  congealed. 

Dr  Black  demonstrated,  that  a  similar  phenomenon  bo* 
companies  the  other  change  of  sti^  to  which  bodies'  ave 
subject,  «that  into  vapour  or  air,  a  quantity  of-^cakuic  be^ 
ing  absorbed  by  the  body  passing  into  this  state  without 
raising  its  temperature,  and  being  evolved  when  it  returns 
to  the  liquid  form.  This,  as  has  been  remarked,  is  even 
evident  (rom  the  usual  phenomena  of  vaporization  atteo^* 
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tiTdijr  ezammed,  neither  the  liquid  HQr  the  vapour  risbg 
firom  it  suffering  any  inorease  of  temperature  after  the 
ebullition  has  oojonniencedy  though  caloric  be  constantly 
oommunjcated.  It  wsa  fiuther  estabhshed  by  experiments 
ascertainuD^it  with  morei  accuracy,  or  placing  it  in  a  clearer 
light 

• .  A  portion  of  water  in  a  (^i^drical  tin  vessel  placed  on 
Ik  heated  iron  pknte,*  was  raised  in  temperature  from  50  to 
212®  in  finur  minutes,  when  it  began.to  boil ;  in  that  time, 
therefore,  it  had  received  a  quantity  of  caloric  capable  of 
nosing  its  temperature  162^.  It  continued  to  boil,  and 
twaity  minutes  elapsed  before  it  was  dissipated  •»  neither  its 
Xeo^perature,  nor.  that  of  the  vapour  into  which  it  was  cour 
.verted,  rose  above  212^,  yet  it  must  have  continued  to  re*- 
ceive  caloric  as  before;  that  is,  at  the  rate  of  162^  every 
four  minutes  $  of  course,  in  its  vaporization;  a  quantity  of 
cakmc  had  been  absorbed,  which,  ap{died  at  once,  would 
have  been  equal  to' raising  its  temperature  810^ 

A  liquid  heated  under  pressure  may  have  its  tempera- 
ture raised  above  its  usual  boiling  point,  the  transition  in- 
to  vifM)ur  being  prevented.  A  quantity  of  water  included 
in  a  strong  phial  closely  corked,  with  a  thermometer  in^ 
eluded,  was  heated  to  222^ :  the  cork  was  suddenly  with- 
drawn, a  small  quantiQr  o'nly  of  vapour  rushed  out,  and 
the  remaining  water  instantly  fell  to  212^.  This  experi- 
ment Mr  Watt  repeated  on  a  much  larger  scale,  water 
bemg  heated  in  a  copper  digester  with  a  safety  valve  to  a 
much  higher  tempen^ure ;  yet,  on  opening  the  valve,  in- 
stead of  the  whde  escaping  in  v^qspur,  not  more  than 
one-third  of  it  assumed  this  state,  and  the  temperature 
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of  the  renmining  portion  tank  «8  m  the]ffee«Ki^  esqpeii- 
ment. 

A  nmilar  abaorption  of  cidoric  atMidi  the  vaporigaiioR 
of  volatile  liquids  at  a  common  tcmperatwia,  produen^ 
therefiure  senaible  oold,  greater  at  the  fiqoid  ia  more  voh^ 
tile,  or  aa  the  change  is  accelerated)  as  Cullen  •ofaKrved* 

The  calmc  which  is  thus  absorbed  in  the  traaakion  of 
a  body  to  the  state  of  vi^KHur,  is  tigdn  etolf^d  wbim  die 
vapour  is  condensed.  Dr  Black  found,  that  vben  steam, 
«t  the  tempeiatvretxf  212^,  is  condensed  fay  being  teceived 
is  oold  water^  ^the  temperature^f  this  is  mneh  more  raised^ 
than  by  the  commumcation  of  a  wei^t  of  water  a(  SIS^ 
equal  to  that  of  the  steam.  And  Mr  Watt  having  con- 
densed steam  in  a  metallic  <tid)e,  by  suddenly  fonakig  down 
a  piston  apocuratefy  adapted  to  it|  the  end  of  thetu^  being 
{daoed  in  water^  ibnnd  a  quantity  of  caloric  pommimicated 
to  the  water,  equal  to  what  would  have  raised  the  Xmyv 
rature  of  a  portion  rof  it  equal  in  wei^t  to  the  «tean  MS 
d^^rees.  Yet  the  tube  kmd  the  inckded  steam,  previous 
to  the  oondeiisation,  were  at  thetenq>autttreoilly  of  21S^>i 

All  these  fiicts  prove  the  truth  of  the  gmeral  proposi- 
tion, that  when  bodies  pass  from  the  iolid  to  the  fluid,  «r 
from  the  fluid  to  the  gaseous  state,  a  quantity  of  caloric  iB 
absorbed,  vdiich  has  noeflfect  in  rassingthe  temperature <tf 
the  body  in  its  new  fonn,  this  caloric  being  again  ^volted 
when  the  body  retunss  to  its  taaner  state.  This  portionxyf 
caloric  absorbed  during  thesedianges.  and  not  discoverakle 
by  die  usual  eflect  of  raising  tenqperature.  Black  named 
Xatent  Heat,  in  opposition  to  the  portion  by  whidi  tern- 
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perature  ia  pttdaceAf  and  which  h^  denominated  Seneibfe 
Heat 

In  afldgtiing  the  canse  of  these  phenomenal  Dr  Hack 
anppoMii  that  the  caloric  which  disappears  or  becomes 
latent,  lurodncfes  the  change  of  fi>rm,  losing  at  the  same  time 
its  own  characteristic  propertiesi  probably  by  entering  in- 
to a  species  of  combination  wiA  the  matter  on  which  it 
operates.  **  Fhiidity,''  si^  he,  **  I  consider  as  depending 
immediatelj  and  insq[)araMy  on  a  certain  quantity  of  the 
matter  of  heat  which  is  combined  wiA  the  flnid  body  in  a 
particnbr  manner,  so  as  not  tobe'ctmnnnnicabietoather* 
mometer  or  to  other  bodies,  bdt  capable  of  being  octrica- 
ted  again  by  odier  methods,  and  of  re-assuming  the  tofrm 
of  moveable  or  eommunicalde  heaf  And,  again,  with 
f^egard  to  Ti^Nimation,  <^  whe»^  fluid  bo<fy  is  raised  to 
its  boiling  temperature  by  the  continual  and  copious  ap- 
plit»tion  of  heat,  its  particles  suddenly  attract  to  them- 
selves a  great  quantity  of  heat,  and  by  this  comfainatien 
their  mntiftl  relation  is  so  changed,  that  they  no  longer 
attract  each  other,  but  separating,  compose  a  flnid  dastic 
and  expansive  like  air.  This  new  £mn  of  aggregation^ 
(taking  the  example  of  water,)  is  the  effect  of  a  new  com- 
bination of  heat  with  the  primary  partides  of  witter,  and  is* 
a  stifBdent  indication  of  this  unicHi,  in  the  same  manner 
as  fluidity  was  a  soflicient  mark  of  a  sudden  and  copious 
combination  of  heat  With  the  particles  of  ice** 

A  very  different  theory  of  these  ph^OMtaeiia,  and  more 
approaching  to  a  phitosophical  generaliz^ioti,  was  advan- 
ced by  Dr  Irvine.  Temperature  depends  not  m^«ly  6n 
the  action  of  caloric,  but  on  its  action  modified  by  that 
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pecoUxBr  relation  of  bodies  to  it  wbicb  we-  denodninatc* 
their  capacity.  If  the  capacity  of  a  body  be  enlarged,  the 
quantity  of  caloric  communicated  to  it  remakiing  the  same, 
its  temperature  must  fall ;  if  the  capacity  be  diminished 
4mder  the  same  condition,  its  temperature  must  rise  $  or  if 
the  capacity  be  enlarged  while  caloric  is  proportional^ 
ccmunwiicated,  this  caloric  will  be  absorbed  by  the  body, 
and  remain  in  it  without  any  -increase  of  temperature. 
Now.  this,  Dr  Irvine  qonceiyedj  is  what  ha[^pens  in  flui- 
dity and  v^porization.  The  sensible  cailoric  communico- 
(ted,  and  raising  the  ^temperature  of  the  body  to  its  melt- 
ing, or  to  its  vaporific  point,  weakens  progressively  its  co- 
Jiesion,  and  9t  loiglli  so  £m:  changes  its  state  of  aggrava- 
tion, as  to  admit  of  a  new  arrangement  of  its  parts,  con- 
stituting first  fluidity,  ahd  afterwards  the  state  of  va{K>ur  or 
air.  These  changes,  Dr  Inrine. supposed  to  be  accompa^ 
nied  with  a  change  of  capacity,-  the  capacity  of  the  bocfy 
in  its  liquid  being  greater  than  in  its  solid  state,  aud  be- 
coming still  larger  in  the  state  of  vapour.  If  ihis  be  ad- 
mitted, it  necessarily  follows,  that  a  quantity  <^  caloric 
must  be  absorbed  by  the  body  in  passing  into  the  licpiid 
and  aerial  forms,  which  shall  have  no  effect  in  augment- 
ing its  temperature,  and  which,  of  course,  js  Jiot  discover- 
able in  it  by  the  thci  mometcr.  But  there  is  no  reason  to 
believe  that  this  oaJoric  has  lost  its  prc^eities,  has  entered 
into  any  peculiar  comtttnation  with  the  body,  or  is  in  any 
atate  diffcrent.from  the  rest  of  the  caloric  it  contains.  It 
goes  with  that  caloric  to  sustain  the  temperature,  and  it 
has  been  absorbed  without  raising  tempieratore,  merely  be- 
4irause  the  capacity  of  the  body  has  been  enlarged ;  and  when 
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the  capacity  is  iKmiiiished^  as  happens  in  the  reverse 
change  of  form,  it  is,  of  course,  again  evolved.  A  body 
in  one  form,  in  a  word,  omtains  more  caloric  than  in  ano- 
ther foitn  at  a  given  temperature,  exactly  as  cme  body  con- 
tains more  than  another  does;  or,  acconMng  to  this  theor}', 
the  cause  why  water  contains  more  caloric  th^i  iee  at  S2^, 
is  the  same  as  that  l;»y  wfaidi  water  contains  more  calorie 
dian  qiiid&niver  $  and  were  it  poasible  to  convert  quicksil- 
ver into  water  by  a  process  similar  to  that  by  which  we- 
convert  ice  into  water,  we  thould  have  predsdy  the  phe-^ 
nomena  of  latent  heat 

The.  whole  question,  therefore,  on  this  sniliyeot,  is  with 
regard  to.the  assumption  <m  which  the  theory  rests,  whe-' 
ther  an  aiigmentation  of  capacity  accompanies  lique&ction 
and  vaporization  or  not.  No  dcnibt.  can  remain  of  its  su-« 
periorily  d  priori^  to  the  opinion  of  Black.  It  explain^ 
the  phenomena ;  for  it  ia  obvious,  that  if  by  fusion  or  va- 
pcnization  the  capacity  of  a  body  be  enlai^ged,  either  its 
temperature  must  faB,.  or  caloric  must  be  absorbed  with- 
out producing  any  rise  of  temperature:  the  first  cannot 
ha^ppen ;  for,  in  this  ease,  the  temperature  of  the  body  fell- 
ing below  its  fitting  or  vaporific  point,  the  change  of 
form  could  not  proceed  :  the  second  event,  therefore, 
must  be  that  which  wiK  occur,  or  if,  by  applying  caloric, 
we  raise  and  preserve  the  temperature  sufficiently  high  to 
cause  the  transition  of  form  to  proceed,  if  diis  be  accom- 
panied with  an  increase 'of  capacity,  die  caloric  applied 
nmst  be  absorbed  and  become  latent,  or  occasion  no  in- 
crease of  temparature.  And  the  theory  has  farther  the 
vespy  unportaat  advantage^  that  whOe  the  oiqx)site  system 
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16  an  insukted  hypothesis,  framed  to  aoDOiiaft  ftr  dni  par* 
ticiilar  case,  Irvine's  is  an  actension  by  gencralialion  of  a 
law,  proved  to  exist  with  regaid  at  least  to  difisnent  bo- 
dies, and  not  onlikely  to  operate  in  a  similar  naDner  on 
the  same  body  in  dtfferent  fonns. 

The  determination  of  the  &ct  occupied  the  attention  of 
Dr  Irvine  Sx  a  series  of  years,  the  expesrimeots  by  whidh 
only  it  ooitld  be  decided  being  attended  with  pemliar  £& 
Unities;  fiw,  in  cLetermining  the  capacity  of  the  bodljr, 
either  in  ihe  solid  or  hquid  state,  it  is  neeeaniy,  that  in 
the  progress  of  the  experiment  it  should  not  change  ita 
fonn.  Ice,  ihenefore^  nusthe  operated  on  at  tempcaealnrea 
bebw  52%  and  water  at  temperatures  above  dits.  Drli^ 
vine  en^doyed  the  medjnai  of  a  third  sriistanee,  soch  aa 
qoickailver,  riveii-sandf  or  jron-filix^^  which  he  added  to 
eachy  and  determined  the  ^capacity  in  the  nsaal  nuaneri 
and  he  unifimafyfiHEmd,  thattheeapadly  of  water  iagieaiU 
er  than  that  of  ioe,  and  in  a  ratio  which  he  jnftrted, 
from  the  wengfi  of  faia  eaqwrancttts,  to  be  aa  10  to  £•  ▲ 
fMmilar  aitfonentation  of  capacity  Dr  Ckawfijod  fimd  to 
take  plaoe  when  water  is  converted  into  vapour,  h  is 
{Moved  then,  that  ihe  ohaflge  in  the  rehtaon  of  ^the  htif 
to  caloric  is  not  oon&ied^  a#I>r  Blade's  hjpodiaflaaiqppo» 
ses,  to  the  momait  of  hquefiM^tion  or  vapomntion,  tet 
that  at  these  chaoges  ihe  rdadon  is  so  aheiod,  Aailvnoa^ 
forth  the  liquid  recpkes  more  oakcic  than  the  adid  didto 
raise  it  eveiy  d^gwe  of  the  thenaometiic  acale,  jnd  jifaa 
tapour,  in  like  meaner,  requiiea  moee  than  die  Sq^dd.  in 
consequence  of  this,  an  absoiption  of  cahnic  nnst  tshs 
pkee  at  the  moment  <tf  dimge,  snfifiient  wdk  ihe  aitme 
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Ae  hoif  eointmaedf  to  keep  np  die  csiMng  temperature 
from  the  point  of  abioiate  priTaticmy  according  to  the  en- 
kinged  capacity  of  the  body  ia  its  neir  state.  And  with 
llie  adnittion  of  these  &cts,  the  ooe  theory  is  demonstrar 
tedy  while  the  other  cannot  be  maintained. 

The  mif  difficolty  that  has  been  urged  against  the 
theory  of  Imnet  of  aogr  seeming  importance,  is  that  of 
aooo«tttiaag  for  the  chaiige  of  fi>m ;  for  since  the  tempera«> 
^ire  of  die  liqiiid  Js  not  sensibly  greater  than  that  of  the 
solid  fiMft  which  it  is  fimnedt  nor  that  of  the  vapour 
l^eatar  than  that  of  the  li«|uid  fiom  which  ft  rises»  it  has 
been  contended,  thai  the  chaage  cannot  be  ascribed  to  the 
opemiioB  oCaenaUe  eaioik,  and  must  therefore  be  ascrib-^ 
ed  to  the  actM  of  aft  kast  a  portion  itf  that  which  becomes 
lateen  The  dHlou]^»  however,  is  in  a  great  measoie, 
perlMKpa,  «ilirely  obviated  by  considenBg  the  change  of 
fipkm  as  arising  fiom  die  expansive  operation  of  caloric^ 
iacfttisnig  as  it  is  aocwnuktad,  imtil  it  suffideody  amUfy 
ar'Sabvert  the  frsoe  of  cohesion  to  adnut  of  fluidi^  and 
aapariiatian  keiagestsblishad  $  and  this  being  progressive* 
If  axeitadf  die  iddmato  efect  may  take  pboe  at  a  point 
isi 'die  scale  of  tenqMrafture  indmsible^  so  that  we  shdl  be 
aaahfe  to  disoo^rar  a  diflfareiice  of  lenpenitore  on  die  one 
hanct,  or  on  the  other. 

TUs  view  of  the  cause  of  Ifae  change  of  larm  is  coi^rm* 
td»  by  finding  the  dban^  piodiioed  by  causes  nAidi 
flMist'opente  solefy  fay  akering  the  distances  at  which  the 
partififls  of  faaiies  are  pbued.  Thus,  the  tranaitioB  into 
lapear  is  «flfactad  by  wididrawing  pressore,  which  can  be 
an  antagonist  onl^  to  the  escpansive  operation  of  sensflile 
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caloric :  Or,  by  applying  pressure,  a  vapour  may  be  re- 
duced to  the  liquid  state,  though  this  pressure  can  h^ye 
only  a  mechanical  effect,  approximating  the  particles,  and 
cannot  subvert  any  cheniical  combination  of  caloric,  did 
it  exist. 

It  may  therefore  be  concluded,  that  the  absorptiim  of 
caloric  which  accompanies  lique&ction  and  vaporization, 
is  owing  not  to  any  chemical  combination,  but  to  the  en- 
larged capacity  which  the  body  acquires  by  a  change  of 
form.  It  may  be  suppose^,  indeed,  that  the  difficulty  in 
this  view  of* the  subject  is  only  avoided,  not  removed.. 
May  not  this  very  difference  of  capacity  in  bodies,  in 
whatever  state  they  exist,  proceed  from  a  chemical  colknbi-* 
nation  of  caloric  i  By  saying  that  different  bodies,  or  dif- 
ferent forms  of  the  same  body,  have  different  capacities 
for  caloric,  the  general  fact  is  merely  expressed,  that  in 
equal  quantities,  and  at  equal  temperatures,  they  contain 
unequal  quantities  of  this  power.  But  the  cause  of  this  is 
not  assigned.  May  it  not  then  be  chemical  combination 
of  part  of  the  caloric,  of  that  part  of  it  in  each  body 
which  amounts  to  the  difference  of  the  quantity  it  con- 
tains, compared  with  another  ?  This  opinion  is  at  once 
refut^  by  the  consideration,  that,  were  it  true,  the  quan- 
tity of  free  caloric,  or  caloric  of  temperature,  ought  in  all 
bodies  to  be  the  same,  and  that  consequently  in  equal 
changes  of  temperature,  equal  quantities  of  caloric  ought 
to  be  absorbed,  or  given  out  by  all,  since  the  very  princi- 
ple which  is  assumed  is,  that  the  caus^  of  the  difference  in 
the  absolute  quantities  of  caloric  which  bodies  cohtain  is, 
that  that  portion  in  one  body,  which  exceeds  what  is  con* 
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t&ined  in  another,  exists  in  it  in  a  state  of  chemical  com* 

I 

bination. 

Whether,  therefore^  the  question  be  considered. as  re* 
lating  to  the  cause,  why  different  bodies  contain^  at  tiie 
same  temperature,  unequal  quantities  of  caloric,  or  to  the 
cause  why  different  forms  of  the  same  body  fellow  the 
same  law,  in  neither  case  is  it  probable  that  a  diemical 
combination  of  part  of  that  caloric  gives  rise  to  the  dif- 
ference. And  as  the  phenomena  are  in  fy»th  cases  the  same^ 
they  must  be  ascribed  to  the  same  cause*  Until  this  is  disr 
covered,  the  general  fact  ought  merely  to  be  expressed : 
Caloric,  whether  matter  or  motion,  is  to  be  ccmsidered  as 
a  power  difiused  over  matter,  as  the  cause  of  that  state  of 
bodies  termed  their  temperature,  as  having  a  tendency  to 
difiiise  itself,  untU  a  common  temperature  is  formed ;  but 
for  the  production  of  this  temperature  in  difierent  bodies, 
and  in  equal  f^rms  of  the  .same  body,  unequal  quantities 
of  this  power  are  required.  If  it  be  a  material  agent,  the 
difference  in  the  quantity  contained  may  be  owing  to  the 
specific  attraction  exerted  by  each  body  ;  but  still  this  at-^ 
traction  is  merely  the  force  by  which  the  whole  quantity  is- 
retained,  and  does  not  operate  more  on  one  portion  than 
OD  another. 

Some  philosophers  of  eminence,  indeed,  without  allege 
ing  that  the  difference  in  the  quantities  of  caloric  in  dif* 
ferent  bodies,  or  the  absorption  of  it  during  liquefiicticm 
{tnd  vaporization,  is  owing  to  chemical  combination,  have 
supposed,  that  there  may  be  a  portion  of  caloric  existing 
in  bodies  in  such  a  state  of  combination.  Lavoisier  and 
La  Place  inclined  to  this  opinion,  from  finding  by  experi- 
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nMnt,  tliat  in  ^Uferent  cases  of  diemical  union,  «r  ot 
change  of  form,  the  quantity  of  caloric  rendered  sensifale 
does  not  correspond  with  tiie'  changes  of- capacity  that 
take  place,  but  is  sometimes  greater,  at  odier  times  less  ; 
whence  they  conchided,  that  a  portion  of  caloric  must  ex- 
ist in  bodies  in  some  other  state,  and  probably  in  more  in- 
tinuite  combination.    They  admit,  however,  that  trivial 
errars  in  the  estimation  of  the  capacities  might  hare  given 
rise  to^e  apparently  disoordant  results  they  obtained ;  and 
when  Ae  sources  of  faUacy  attending  such  experimenta 
are  oonridered,  it  will  appear  not  improbable  that  sudi 
errors  must  have  been  present.     Irvine  and  Crawford  de* 
▼oted  much  attention  to  this  investigation,  and  uniformly 
found,  that  when  bodies  produce  heat  by  mutual  action, 
or  change  of  form,  their  capacities  are  diminished,  and 
Aat,  on  the  contrary,  when  they  produced  cold  their  ca- 
{Micities  were  increased  ;    nor  were  the  results  inconsistent 
with  the  law  of  die  changes  of  temperature  being  propor- 
tional to  -the  increase  or  diminution  of  capacity,  making 
allowance  ibr  the  inaccuracies  to  wiiidi  sudi  experimaits 
ore  unavoidably  liable.     Gadolin  executed  a  very  exten- 
sive series  of  experiments  with  the  same  view,  and  drew 
from  them  the  some  conclusion.      Nor  arc  there  any  facts 
which,  when  duly  considered,  can  be  regarded  as  afford- 
ing proof,  that  any  portion  of  caloric  exists  in  bodies  ehe> 
mically  combined.     The  hypothesis,  however,  has  oi^n 
been  maintained,  and  the  language  implying  it  is  often 
used  by  chemists,  as  if  it  were  established.     It  is  tberefon> 
necessary  to  remark,  that  it  rests  on  no  just  grounds. 
The  difierent  quantities  of  caloric  contained  in  bodies,  re- 
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gulated  ^by  what  we  name  their  capacities,  caoHot  be  sar 
ferred  to  the  operation  of  any  peculiar  fcrce  difierdot  firoBi 
that  by  wliich  the  whole  quantity  of  caloijc  is  contained; 
neither  can  the  absorption  and  latent  state  of  the  cak^^ 
absorbed  in  Uquefaction  and  vapc»nzation»  be  referred  to 
this  cause.  And  we  have  no  season  to  believe  that  any  otbw 
portion  of  caloric  eidsts  in  bodies  in  a  combined  state.  The 
agency  and  relations  of  this  pawcar  are  indeed  so  peculiar, 
that,  even  admitting  its  materiality,  we  can  place  little  re^ 
liance  on  any  conclusion  l^ith  r^ard  .to  its  mode  of  ex« 
istence,  not  established  by  direct  evidence,  but  resting  on 
anali^ies  transferred  from  ponderable  substances. 


From  the  enlargement  of  capacity  and  consequent  ab- 
sorption of  caloric,  which  attends  Uquefaction  and  vapori- 
zation, some  interesting  appEcations  both  to  natural  phe- 
nomena and  to  purposes  of  utility  arc  derived. 

Such,  for  example,  is  the  fixity  and  uni&nnity  cxf  the 
temperature  at  which  bodies  melt.  Ice  melts  at  32^'  of 
Fahrenheit,  and,  when  raised  to  this  temperature,  the  fiur- 
ther  communication  of  caloric,  however  rapid,  has  no  ef- 
fect in  raising  its  temperatiwe,  tiU  die  whole  is  converted 
into  water ;  since,  as  quickly  as  the  ice  is  melted,  as  quick- 
ly is  the  caloric  absorbed  by  the  fluid.  Were  it  not  for 
this  absorption  of  caloric,  the  liquefaction  of  ice  and  snow, 
in  the  colder  climates,  at  the  approach  of  spring,  would 
take  place  almost  Instantaneously,  when  the  temperature  of 
the  atmosphere  rose  above  S2^ ;  whereas,  from  this,  the 
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iaiAitkgi§ gradual  and  progresdve;  the  water  that  kfomi. 
ed  18  distributed  more  slowly,  and  the  too  sudden  rise  df 
temperature,  which  in  such  climates  would  prove  iktal  to 
vegetables,  it  prevented.  The  reverse  of  thict,  too,  or  the 
otricatioii  of  caloric,  whoi  water  is  converted  into  ice,  is 
equally  beneficial  i  since,  were  it  otherwise,  tlie  freezing 
of  laige  collections  of  water  would  be  extremely  rapid 
irhen  the  tanperature  of  ibe  atmosphere  fell  below  32^. 
But,  from  this  extrication,  the  freezing  is  gradual,  and  a 
large  quantity  of  caloric  is  given  out  by  the  water  in  pass- 
ing to  the  solid  state,  by  which  the  iqiproaching  cold  is 
moderated,  and  the  congelation  rendered  more  slow. 

Similar  general  effiects  arise  from  the  operation  of  this 
kw  in  v^XHization.  When  the  earth  is  much  heated  by 
the  sun's  rays,  water  is  evaporated  from  its  surfiice,  and 
lirdm  rivers  and  the  ocean,  aiid  the  conversion  of  this  mto 
vapour  is  necessarily  accompanied  with  the  absorption  of 
caknic.  Hence  evaporation  is  the  most  powerfiil  agent 
employed  by  nature  to  moderate  excessive  heat.  On  the 
eontiary,  when  the  v^)our  of  the  atmosphere  is  conden* 
sed  by  cold,  and  descends  in  rain  or  snow,  it  gives  out  the 
caloric  it  had  reorived,  which  is  then  beneficial  rather  than 
hurtful* 

T%e  process  i^  artificial  refiigeration  is  explained  on 
Ae  same  principle.  By  allowing  water  to  fikrate  slowly 
through  porous  earthen  vessels,  so  as  to  present  an  exten- 
sive humid  surfiuse  to  the  atmosphere,  it  passes  rapidly  inn 
to  vapour,  and  in  this  vaporization  absorbs  so  much  calo- 
ric as  to  produce  a  considerable  degree  of  cold.  Liquors 
are  cooled,  and  in  warm  climates  ice  formed,  by  arranges 
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ments  of  this  kiod,  even  when  the  tempenitiire  .of  the  al» 
tno^bere  is  above  S2^, 

The  theory  of  freezing  mixtures  is  likewise  deduct 
from  the  doctrine  of  ktent  caloric*  These  are  mixtures 
of  saline  sttb8tan0es,  tvhich,  at  the  common  ten^leratur^ 
by  their  mutual' chemical  Action^  pcss  rapidly  into  the  fluid 
fonUy  or  iMTip  capable  of  being  rapidly  disscdved  in  water# 
^n4»  by  this,  transition  to  fluidity,  absorb  calopc^  and  pro^ 
dnce  degrees  of  cold  more  or  less  intense. 

The  use  of  steam  as  a  vehicle  and  source  of  heat,  affi>rds 
an  example  of  the  scientific  application  of  these  princ^iles. 
By  conveying  it  into  water,  it  is  condensed,'  and  by  the 
evdution  of  the  latent  caloric  by  the  condensation,  die 
temperfiture  of  the  water  is  raised,  so  as  soon  to  arrive  at 
212^  Where  lar|;e  quantities.of  water  are  to  be  heated^ 
this  method  has  superior  adyantagas,  aa  by  having  a  c<Mn^ 
mon  boiler,  from  which  the  vapour  is  conveyed  by  tubest 
\\\e  loss  of  heat  is  much  l^ss  than  if  fire  was  applied  to 
diflferoit  vessels,  and  the  vessels  are  sut^ect  to  lesaweaVf 
and  may  bp  constructed  at  less  expenfie^  Another,  iqppli- 
pjiiion  pf  the  same  principles  is  that  of  heatipg  apartmaita 
by  conveying  steam  through  tubes,  prq[>09ed  in  an  early 
volume  of  the  Philosophical  Transactions,  and  since  reviv- 
ed*  The  steam  in  its  progress  is  condensed  yadually,  and 
gives  out  its  lat^pt  palpric,  sp  as  tp  produce  an  .equaUe 
warmth. 

Tlie  modern  improvements  in  the  Steam-engine,  a^ 
they  originated  from  Dr  Black's  discovery,  so  th^  nSard 
a  very  striking  exemplificaticm  of  the  doctrine  of  latent  ca* 
loric.    In  the  engine  wrought  previous  to  the  improve- 
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ments  of  Mr  Watt,  the  steam  was  received  into  a  cylin- 
der, to  which  a  piston  was  adapted,  which  was  raised  by 
the  intrpduction  of  steam  :  thi^  was  condensed  by  a  jet  of 
cold  Witter,  and  the  piston  was  of  course  forced  down  by 
the  pressure  of  tlie  atmosphere,  and  by  these  alternate  ac- 
tions the  machine  was  worked.  But  this  was  attended 
with  art  immense  loss  of  heat ;  for  by  the  jet  of  cold  water 
•not  only  was  the  steam  condensed,  but  the  cylinder  was 
likewise  cooled,  as  it  was  also  by  the  entrance  of  the  at- 

• 

'mosphcric  air,  and  the  first  portion  of  steam,  therefore,  that 
•entered  was  condensed.  At  each  stroke  of  the  engine  this 
'  waste  is  repeated^  and  thus,  according  to  Mr  Watt's  cal- 
culation, fit  least  half  of  the  steam  produced  in  the  boiler 
is  lost  His  principal  improvements  ccmsisted  in  ^nden- 
sing  the  steam,  not  in  the  cylinder,  but  in  another  vessel 
•communicating  with  it  by  a  pipe  with  a  valve,  and  in 
excluding  from  the  c\'lindcr  the  atmo^heric  ur,  and  de* 
qiressing  the  piston  by  steam  introduced  above  it,  and 
4X>nden8ed  in  the  condensing  vessel  alternately  with  the 
stesom  beneath.  The  whole  can  thus  be  kept  at  the  tempera- 
ture of  212^,  and  the  immense  waste  of  heat  in  die  old 
method  is  obviated. 


Sect.  VI. — Of  the  Absolute  Qtiantity  of  Calmic  in  Bodies* 

A  PROBLEM  which  the  Chemists  liave  sometimes  propo- 
sed  for  solution,  is  that  of  determining  the  whole  quantity 
of -caloric  in  bodies,  and  of  course  at  what  distance,  mea- 
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..^mired  by  tbcrmometrical  degrees  fWmi  a  gi^en  tempenr 
turey  the  paint  of  absolute  privation,  or  what  they  have 
named  the  real  zero>  would  be  placed.  It  i»  obvious,  that 
any  reduction  of  temperature  that  we  can  command  is  fiu: 
distant  from  the  total  abstraction  of  caloric,  and  it  is  only 
by  calculation  from  certain  known  facts  that  the  sero  can 
be  determined. 

The  possibility  of  this  occurred  to  Dr  Irvine,  and  the 
princi|^es  on  which  his  method  were  founded  are  extreioe*- 
ly  simple*  Assuming  that  the  caloric  contained  in  bodies  is 
as  their  capacities,  and  knowing  the  difference  between 
the  capadty  of  a  body  in  its  diSbrent  states,  for  example 
in  its  solid  and  liquid  states,  it  is  obvious,  that  if  we 
ascertain,  by  ea^^eriment,  the  quantity  of  caloric  which  it 
absorbs  or  gives  out  in  passing  from  one  state  to  the  other, 
we  can  determine  the  whole  qnandty  of  caloric  it  contains ; 
Sov  the  quantity  evolved  bears  a  certain  proportion  to  this, 
which  prq[>ortion  the  differoice  of  capacity  gives.  Thus, 
if  the  capacity  of  water  be  10,  and  that  of  ice  9,  and  if 
the  whole  quantity  of  caloric  which  each  contains  be  as  its 
capacity,  then  water  contains  a  quantity  as  10,  ioe  a  quan- 
tity as  9,  or  water  contains  one-tenth  more  cakmc  than 
ice  at  the  same  tempeirature.  This  t^itfa  part,  of  courae^ 
is  given  out  when  water  passes  into  the  state  of  ice ;  the 
quantity  actually  evolved  by  it  we  discover  by  experimait 
to  be  equ^l  to  what  would  raise  its  temperature  140^  of 
Fahrenheit's  scale.  The  water  previous  to  freezing,  there- 
fore, contained  a  quantitjr  equal  to  ten  times  this,  or  a 
ijuantity  equal  to  what  would  elevate  its  temperature  1 400^ 
Of  course,  at  this  distance  from  92.^  of  Fahrenheit,  it 
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would  be  whoUy  deprived  of  caiotric,  or  the  real  zera 
would  be  placed ;  and  this  would  be  the  same  with  rcgaid 
to  all  bodies  measured  by  thennometrical  d^ees^  accord* 
ing  to  the  capacity  of  each  $  for  although  they  oontam  dil^ 
ferent  quantities,  this  is  only  because  they  require  di&rent , 
quantities  to  produce  the  same  deration  of  tanperature : 
the  degrees  of  temperature  are  the  same. 

The  calculation  of  Irvine  was  confirmed  by  the  experi- 
I  ments  of  Crawford,  and  also  by  those  of  Gadolin,  both 
made  on  th^  opacities  of  bodies  combining  together,  the 
capieudty  of  the  compound  formed,  and  the  quantity  of  ca- 
loric absorbed  or  evolved  during  the  comhinaticm*  Craw- 
ford, by  determining  the  capacity  of  water,  the  ci^iacities 
of  its  constituent  principles,  and  the  quantity  of  caloric 
evolved  when  these  combine,  found  the  zero  to  be  at  15S2 
below  the  freezing  point  of  water;  and  Gadolin,  from  ob- 
serving the  changes  of  temperature  in  the  solution  of  mu- 
riate of  soda  in  water,  and  also  in  the  combination  of  «i(- 
phuric  acid  and  water,  compai^ed  with  the  capacities  of 
the  reactive  substances,  placed  it  at  1432  below  that 
point.  Other  chemists,  however,  have  obtained  results 
extremely  discordant*  In  the  experiments  of  Lavoi»cr 
and  La  Place,  the  numbers  are  very  remote  from  diose 
above  stated,  and  fi^m  each  other ;  and,  in  the  more  re* 
cent  experiments  of  Dalton,  are  so  even  to  a  greater  ex- 
tent ;  the  zero  being  found,  from  some  experiments,  at 
3000,  others  at  5000,  or  at  7000*^^  below  the  tanperatuce 
of  freezing  water.  We  can,  of  course,  place  little  confi- 
dence in  any  of  these  calculations ;  and  either  the  assump- 
tion  on  which  the  theorem  rests,  that  the  quantity  of  calo- 
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rio  in  bodies  is  as  tbeir  capadtyi  is  incorrect;  or  the  expe- 
riments, so  far  OS  relates  to  the  estimntioa  of  the  capacities) 
must  be  liable  to  soured  of  error  nearly  unavoidable,  and 
which,  irom  being  muki]died  by  the  calculatimi,  give  rise,' 
even  though  trivial  in  themselves,  to  errors  so  great.  The 
latter  is  probaUy  the  case ;  for  the  methods  of  discov<»ring 
the  capacities  of  bodies,  give  us  rather  approximations 
than  absolutely  accurate  results. 

From  the  diversity  of  opinions  which  has  prevailed  with 
regard  to  the  state  in  which  caloric  exists  in  bodies, .  seve- 
ral forms  of  expression  hove  been  introduced,  and  are  stiQ 
in  use,  which  it  may  be  proper  to  define. 

tree  adoric  is  caloric  in  that  state  in  which  it  expands 
bodies,  and,  accumulated  to  a  certain  extent,  occasions 
the  sensaticm  of  heat.  It  is  synonymous  with  the  sensible 
heat  of  Dr  Black,  and  with  the  caloric  of  temperature  of 
other  chemists. 

Specific  caloric  is  the  quanti^  of  caloric  peculiar  to  any 
body  compared  with  another,  and  therefore  expresses  the 
relative  quantities  of  caloric  contained  in  equal  weights  oi' 
different  bodies  at  the  same  temperature.  It  is  synony- 
mous with  the  'comparative  heat  of  Dr  Crawford.  Others 
have  used  the  phrase  relative  heat  in  a  similar  senso* 
'Hiis,  however,  is  empbyed  by  Wilckc  to  dienote  the  spc* 
cifk;  cdoric  of  a  body,  estimated,  not  by  the  weight,  but 
by  the  vohune. 

The  disposition  or  property  by  which  diflerent  bodies 
contain  certain  quantities  of  caloric,  at  any  temperatiuret 
is  termed  thdr  capacity  for  caloric. 
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Latent  calorie,  or  latent  heut^  k  the  esqiressum  osed  to 
denote  that  qiiaality  of  caloric  'which  a  body  abaoihs, 
when  it  changes  its  form.  Combined  caloric  is  that  por- 
tion  supposed  to  be  contained  in  any  body,  in  a  statd  of 
chemical  ccanbination.  The  Absolute  Heal  of  Crawford 
denotes  the  whole  quantity  of  caloric  whidi  any  body 
contains ;  and  is  expressed,  according  to  the  modc^  che- 
mical language,  by  saying,  the  absolute  quantities  of  cak>- 
ric  present  in  bodies. 


Sect.  VII — Of  the  Nature  of  Caloric. 

By  the  ancient  philosophers,  the  cause  of  heat  was  con- 
sidered as  a  peculiar  subtle  fluid  or  element ;  and  this  opi^ 
nion  was  received  until  the  time  of  Bacon.  From  obser- 
ving that  the  circumstances  which  cause  augmentation  of 
temperature  are  such  as  excite  motion,  and  that  in  gene- 
ral whatever  produces  motion  produces  heat,  he  advanced 
the  hypothesis,  tliat  the  heated  state  of  bodies  depends 
mei*ely  on  vihmtion  of  their  particles.  Though  this  opi- 
nion was  adopted  by  some  chemists,  particularly  by  Boyle, 
Newton,  and  Macquer,  the  other,  wliich  considers  tlie 
phenomena  of  heated  bodies  as  depending  onthe  presence 
of  a  peculiar  material,  principle,  continued  to  be  more  ge- 
nerally received. 

The  general  phenomena  which  are  produced  by  the  ac- 
tion  of  caloric,  are  suiGciendy  explained  on  the  hypothesis 
of  its  being  a  subtle  highly  elastic  fluid,  capable  of  pen^ 
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trating  bodies^  with  the  exception  cf  onO  familiar  pheno-' 
menon,— the  excitation  of  heat  by  friction,  percussion,  or 
anjr  species  of  motion  prochicing  vibration  in  the  particles' 
of  bodies.  Ort  the  hypothesis  of  temperature  depending 
cm  the  presence  of  a  material  agent,  it  is  diffiadt  to  con- 
ceive how  it  should  be  raised  by  the  c^ration  of  these 
causes,  and^it  is  from  this  difficulty  thpt  the  hypothcs^is  of 
its  depending  on  motion  has  originated. 

The  difficulty  has  appeared  greater,  too,  since  tlie  eici* 
talion  of  temperature  by  friction  has  been  investigated 
with  more  precision  ;  for  it  appears  to  be  produced  with- 
out limitation  while  the  friction  is  applied,  and  without 
any  external  source  whence  it  may  be  supplied.  Rumford 
observed,  that  in  the  boring  of  cannon,  much  heat  is  ren- 
dered sensible  by  the  friction.  To  ascertain  its  quantity 
with  more  accuracy,  he  placed  a  solid  cylinder  of  brass  in 
a  trou^  with  water,  and  applied  tlie  borer  to  it  in  the 
usual  manner.  In  an  hour  the  temperature  had  risen 
from  60  to  107,  and  in  two  hours  and  a  half  the  water  was 
brought  to  boil,  its  quantity  being  18  libs.,  and  the  appa- 
ratus immersed  in  it,  which  was  of  coui-se  likewise  heated 
to  21^^ y  being  equal  to  15  libs.  This  excitation  of  heat,  it 
was  obvious,  was  indejjendent  on  any  action  of  air,  as  this 
was  excluded  by  the  manner  of  making  the  experiment :  the 
water  docs  not  appear  to  have  exerted  any  chemical  agency, 
as  it  suffered  no  change :  the  caloric,  Riunford  supposed, 
could  not  be  derived  from  the  surroimdhig  matter,  as  this 
was  actually  receiving  heat  from  the  body  submitted  to  fric- 
tion, and  it  could  not,  he  conceives,  be  deiived  from  this 
body  itself  from  any  diminution  of  capacity  produced  by 
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.the  friction^  as  the  capacity  of  the  borings  of  the  metal  he 
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found  to  be  the  same  with  that  of  the  mass  of  metal  He 
concludes,  therefore,  that  what  was  thus  &mished,  appa- 
rently without  limitation,  could  not  be  material,  and  that 
it  is  difficult  to  conceive  of  any  thing  capable  of  being  ex- 
cited in  the  manner  the  heat  was  excited  and  otnnmuni- 
cated  in  these  experiments,  except  motion.  Ei^perimenfts 
giving  a  similar  result  were  published  nearly  at  the  same 
time  by  Mr  Davy. 

In  comparing  the  two  hypotheses  thus  advanced  on  the 
nature  of  caloric,  little  doubt  can  remain  of  the  superiori* 
ty  of  that  which  regards  it  as  a  material  principle^  for  the 
general  phenomena  connected  with  its  operation  receive 
a  satisfactory  explanation  from  this  assumption,  at  least 
with  the  exception  of  the  difficulty  now  stated ;  while,  on 
the  opposite  hypothesis,  that  it  arises  from  vibration  or 
motion  of  the  particles  of  matter,  these  phenomena  arc 
very  imperfectly  explained.     Expansion,  fluidity,  and  va- 
porisation, may  be  conceived  to  arise  from  the  introdtto- 
tion  of  an  elastic  fluid  counteracting  tlie  mutual  attraction^ 
of  the  particles  of  matter :  this  fluid,  it  is  sufficiently  pro* 
bable  d  priori^  may  have  peculiar  relations  to  diffisrent 
bodies,  may  tlierefore  be  propagated  through  them  with 
different  degrees  of  facility,  be  contained  in  them  in  a 
given  state  in  unequal  quantities,  or  may  act  upon  them 
unequally,  so  as  in  equal  quantities  to  produce  unequal 
efiects.     G)nsidering  caloric,  on  the  other  hand,  9&  a-^ 
rising  from  vibration,  it  is  not  obvious  how  this  should 
produce  even  the  most  general  efiect,  that  of  expansion: 
we  do  not  perceive  how,  when  accumulated  to  a  certain 
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extent,  it  should  give  rise  to  permanent  rqmkion :  we  ore 
equally  at  a  loss  to  account  for  the  law  which  regulates  its 
distribution  in  bodies,,  as  producing  temperature,  or  the 
laws  of  its  communication,  which  are  different  from  those 
of  motion. 

To  establish  this  superiority  more  decidedly,  there  re- 
mains to  be  explained,  on  the  assumption  of  the  materia- 
lity of  caloric,  its  excitation  by  friction.  Is  the  following 
hypothesis  adequate  to  this  ?  By  fi-iction,  or  similar  causes 
of  motion,  the  particles  of  bodies  are  thrown  into  a  state 
of  vibration ;  tliey  alternately  approach  to,  and  recede 
firom  each  other.  In  their  approach,  the  common  law 
with  regard  to  the  eilect  of  condensation  on  temperature 
must  be  observed,  or  heat  will  be  excited  $  in  the  corre* 
spending  retrocession,  heat  will,  no  doubt,  from  the  same 
cause,  be  absorbed*  Now,  is  it  possible,  that  in  this  re- 
trocession the  layer  of  matter,  in  the  state  of  vibration, 
may  rather  receive  caloric  from  the  contiguous  layer,  and 
ultimately  from  the  rest  c^  the  mass,  than  re-absorb  that 
which  had  been  evolved  in  the  preceding  approximation, 
that  in  this  way  a  current  of  caloric  may  flow  towards  the 
vibrating  sur&ce,  and  a  constant  evolution  of  it  be  kept 
up  ?  Hie  possibility  of  this  will  perhaps  be  established  by 
proving,  that  an  analogous  case  occurs  in  which  this  hap- 
pens. The  excitation  of  electricity  by  friction  affords  it 
The  surface  affording  electricity  is  in  a  state  of  vibration 
from  the  friction  applied  to  it  3  and  the  phenomena  of  elec- 
tricity prove,  that  the  electric  fluid  forced  out,  probably 
by  the  approximation  of  the  particles  from  the  vibration^ 
is  not  re-absorbed  in  the  following  retrocession,  but  forms 
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nn  Atmosphere  around  die  electric  body»  or  is  carried- off 
by  the  surrounding  matter,  while  a  new  portion  is  receiv^ 
from  the  mass  in  contact  with  tlie  excited  surCicc,  and  ul- 
timately ffom  the  earth;  so  that  a  constant  evolution  of  it 
can  be  continued,  while  the  friction  is  applied.  Gdoric 
may  follow  the  same  law,  though,  firom  not  having  that 
relation  which  electricity  has  with  regard  to  conducting 
and  non-conducting  matter,  this  is  not  so  easily  establlshedi 
If  it  do  qperate,  it  may  give  rise  to  similar  phonomcnas  ^t 
feast  to  a  less  extent* 

The  evolution  of  caloric,  from  this  cause,  is  no  doubt 
comiected  with  diminution  of  capacity)  and  that  this 
sliould  happen,  is  even  rendered  extremely  probable,  firom 
the  effect  of  condensation  on  the  capacities  of  bodies,  as 
already  illustrated.  But  this  diminution  of  capacity  is 
only  momentary,  tliough  constantly  renewed ;  and  the  ex* 
periment,  therefore,  by  Rumford,  of  asc«taining  tlie  ca- 
pacity after  the  friction  has  ceased,  is  wholly  inconclusive. 
It  is  farther  to  be  remarked,  that  a  very  slight  diminution 
of  volume  may  be  sufficient  to  produce  a  consiclerable 
elevation  of  temperature.  BerthoUet  has  justly  remarked, 
with  regard  to  Rumford's  ^cperiment,  that  a  very  large 
addition  of  caloric  is  requisite  to  produce  even  a  small 
augment{iti(m  of  volume  in  a  mass  of  solid  metal,  and  that 
of  course  a  small  reduction  of  volume,  and  therefore  an 
approximation  of  the  particles,  during  friction,  farlfrom 
considerable,  may  evolve  a  large  quantity  of  heat. 

The  conveyance  of  caloric  through  a  vacuum  has  been 
advanced  as  a  proof  of  its  distinct  existence  as  a  materiid 
principle ;  but  no  perfect  vacuum  probably  can  be  formed. 
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and  the  proof  therefore  is  defective.  The  phenomena  of 
radiant  caloric  appears  to  demou^rate  the  actual  existence 
of  a  subtle  matter  projected  in  right  lines  irom  heated 
bodies,  capable  of  exciting  temperature,  and  this  would 
ttfford  a  conclusive  pr(>of  of  its  materiality,  were  it  unequi- 
vocally established  that  these  phenomena  are  wholly  inde- 
pendent of  the  air  \  but  on  this  point  tiie  speculations  of 
Mr  Leslie  leave  some  doubt.  The  existence  of  calorific 
rays  in  Ae  splar .  beam  might  be  considered  as  nfibrding 
rimilar  evidence;  but  the  degree  of  uncertainty  under 
which  the  fact  still  remains  with  regard  to  this,  leaves  an 
etpaX  uncertainty  as  to  the  force  of  the  conclusimi.  Tho* 
the  hypothesis,  therefore,  of  tlie  materiality  of  caloric,  is 
8iq»erior  in  its  adaptation  to  the  phenomena  to  that  which 
assigns  the  production  of  these  phenomena  to  motion  of 
the  particles  of  nlatter,  it  cfHi  scarcely  perhaps  be  con- 
sidered as  fttUy  established. 

It  may  be  added,  that  those  who  have  denied  the  mate- 
riality of  this  power,  have  limits  the  discussion,  by  em- 
bracing the  hypothesis  of  Bacon,  that  the  heated  state  of 
bodies  iirises  from  vibration  of  their  particles,^ — an  hypothe- 
sis wliich  gives  no  adequate  explanation.  But  the  qucs- 
II  tion  need  not  be  considered  under  this  restricted  view. 

Caloric,  if  its*  materiality  be  not  admitted,  may  be  con- 
sidered as  a  general  force  producing  repulsion ;  and  if  we 
aet  aside  the  facts  with  regard  to  it^  apparent  radiation, 
this  perhaps  would  not  be  the  most  improbable  opinion  on 
the  nature  of  this  power.  Our  knowledge,  however,  is 
^1  '  not  sufficiently  a^anqed  on  this  subject,  and,  in  particu- 

I  lar,  while  the  relations  of  caloric  to  light  and  tcn^lectridty 
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remain  imperfectly  developed,  and  the  nature  of  theae 
agents  is  unknown,  any  hypothesis  with  i>^ard  to  dM 
former  must  rest  on  imperfect  grounds. 

The  question  with  regard  to  the  materiality  of  caloric 
has  been  attempted  to  be  determined,  by  discovering  If  it 
is  subject  to  gravitation,  or  luis  weight.  The  investi^- 
tion  of  this  has  given  rise  to  very  discordant  results,  tome 
experiments  appearing  to  establish  its  gravity,  others  &- 
vouring  even  the  opposite  conclusion,  that  it  counteracts 
gravitation,  and,  communicated  to  bodies,  renders  them 
positively  lighter.  These  difierences  arise  from  the  diffi* 
cttlties  attending  the  eiq^eriments ;  and  from  the  subtiltty 
of  this  agent,  it  is  not  to  be  expected,  even  if  it  were  sub- 
ject to  gravitation,  that  this  oouki  be  discovered  by  any 
apparatus  we  can  employ.  We  might  probably  as  well 
attempt  to  weigh  the  particles  of  ligbt  In  some  of  the 
experiments,  accordingly,  made  with  the  greatest  care,  and 
with  the  most  delicate  apparatus,  no  sensible  difference  in 
weight  in  a  body  could  be  discovered  when  caloric  was 
communicated  to  it,  and  when  it  was  idthdrawn. 


Sect.  VIII. — Of  the  Sources  of  Variations  of  Tempera^ 
turc^  and  the  Applications  of  these  to  Practical  Chemistry* 

* 

The  tendency  of  caloric  being  to  difiusc  itself  over 
natter,  until  an  equilibrium  of  temperature  is  established, 
this  would  at  length  be  attained,  did  i|p  external  causes 
operate  b^which  it  is  counteracted;     ouch  uniformity  of 
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tenqperature,  however,  would  be  incompatifale  with  the 
varied  operations  of  nature ;  it  is  tlieref ore  prevented  by 
certain  general  arrangements,  constant  in  their  action, 
giving  rise  to,  and  boundjjfig  that  extent  of  variation 
which  these  operations  require. 

The  great  source  of  natural  heat  is  the  action  of  the 
0olar  rays.  As  every  part  of.  the  earth's  surfiEtce  is  not 
equally,  and  at  all  times  exposed  to  this  action,  incquali^- 
of  temperature,  giving  rise  to  variety  of  dimate,  and 
change  of  season,  is  established.  The  extreme  of  heatj 
which  might  accumulate  where  the  action  of  the  solar  rays 
is  most  powerAil,  is  preserved  within  due  limits  by  changes 
to  which  the  operation  of  this  heat  itself  gives  rise,  and 
which,  so  perfect  is  this  adjustment,  are  even  rendered 
subservient  to  moderating  cold,  where  it  might  become 
intense. 

These  important  effects  are  obtained,  principally  by 
changes  in  the  atmosphere,  and  in  the  distribution  of 
water.  When  the  surface  of  the  earth  is  heated,  a  portion 
of  th«  heat  being  commumcated  to  the  air  incumbent  on 
it,  this  is  escpanded,  and  of  course  ascends;  an  ascending 
current  is  established,  which  is  supplied  by  colder  and 
more  dense  air  pressed  from  every  side  \  the  accumulation 
of  heat  is  retarded,  and  the  warmer  air,  propelled  to 
colder  climates,  gradually  gives  out  the,  heat  it  had  re- 
ceived.    The  agency  of  wat6r  is  scarcely  less  important. 
As  the  temperature  is  elevated,  it  evaporates  in  greater 
qualitity>  and  in  passing  into  vqx>ur  absorbs  calonc^  froipi 
its  increasing  capacity,  without  rising  in  temperature: 
ivhen  the  heat  diminishes,  or  the  vapour  is  carried  to 
Vol.  I.  N 
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o*lder  reffdOBf  k  is  oondenBed,  and  thk  kt€Bt  (sbrie  ir 
rendered  Bensible*  Where  the  coU  becomeft  iM»f«  intetMey 
wBter  is  congealed)  and  in  the  eongelatiott  gives  out  tb» 
large  portion  of  latent  caloric  pectdiar  to  it  in  the  liqiiid 
form :  at  the  return  of  warmdis  die  ice  is  melted^  and  oa«> 
loric  absorbed.  The  transitions  of  seasims  are  thus  mo- 
derated^ sodden  aad  extreme  variatioBs  guarded  agailKt» 
and  the  temperature  of  the  globe  is  every  wh^et  preserred 
mare  uniibnn. 

The  range  of  natural  temperature  is  comparative^  hmm 
derate^  extending  only  from  a  few  decrees  ebore  100  of 
Fahrenheit  to  ab6ut  50  b^w  the  cosmnencenieiit  of  the 
aoale.  In  tropical  dimates,  the  heat  in  di^  shade  fisesoe^ 
casionallyto  1 10^.  In  the  north  of  Ada  and  of  Aioser^ 
ca»  the  cold)  in  the  winter  season^  is  sirfMently  iatebsei^ 
freeze  quicksilver,  and  must  therefore  be  lower  than«*-40i 
the  spirit  dtermometer  Bas  been  observed  to  indicate — 50, 
and  there  is  no  reason  to  believe  that  any  natural  csld 
much  exceeds  thist  The  medium  heat  of  the  g^be^  and 
which>  at  a  sufficient  depth  from  die  sur&ce^  is  stationaiy> 
is  about  50<'  of  Fahradieit. 

The  range  of  temperature^  as  excited  by  artificial  me- 
thods is  much  greaten  We  cannot  indeed  exceed  gresit*^ 
ly  the  greatest  natural  cold,  the  reducticm  d  temperature 
by  the  most  powerfid  freesii^  mixtures  not  being  mot^ 
than  «^90,  or  1^2  below  the  freezmg  point  of  wat^»  Bat 
onr  power  of  exdting  heait  »  less  restricted^  it  has  bete 
Aneasured  so  high  as  160^  of  Wedgwood's  pyrometrical 
scale,  or  21,877^  ci  Fahrenheit  i  and  as  at  this  tempera- 
ture c£kcto  were  not  produced,  vfhkk  can  be^  obtained 
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^tom  the  oonoeDtratioA  of  the  solar  rttjs  by  a  poweffiil 
lens  or  speculum,  or  by  the  hea|;  excxtaed  by  a  euirent  of 
oxygen  gas  directed  on  burning  charociBl^  heats  more  in* 
tense  than  this  are  of  course  under  our  command. 

An  important  subject  in  practical  db^nistiy,  is  that 
which  relates  to  the  processes  for  obtaining  and  a{^IyiBg 
artificial  heat  and  cold*  An  account  of  these,  and  a  de« 
s»cripti(m  of  the  apparatus  adi^ted  to  them,  concludes  the 
chemical  history  of  caloric. 


The  sources  of  heat  are,  the  Solar  rays.  Electricity  and 
Galvanism,  Condensation,  Mechanical  action  between 
solids,  including  Friction  and  Percussion,  and,  lasdy,  Che* 
mical  action,  to  which  Combustion  bdongs. 

From  the  action  of  the  solar  rays  without  concentration, 
the  thermometer  is  raised  to  above  100,  and  when  protect- 
ed from  a  current  of  air,  even  to  above  SCO.  When  con-* 
centrated  by  a  lens  or  mirror,  the  heat  is  of  eKtr^ne  in- 
tensity, equal  nearly  to  any  that  can  be  excited  by  tftifi^ 
cial  arrangement,  all  the  metals  and  earths  nearly  being 
melted  by  it,  and  many  of  them  even  dissipi^ed  in  vi^Knir. 
It  admits,  however,  of  very  limited  applicaticm  from  the 
quantity  of  matter  on  which  it  can  be  made  to  iterate. 

The  electric  spark  produces  heat  sufficient  to  kindle  a 

combustible  body,  and  the  discharge  from  a  battery  raises 

the  temperature  of  the  matter  through  which  it  is  trans- 

/nitted  to  a  degree  more  or  less  intense,  according  to  the 

strength  of  the  discharge.     The  galvanic  discharge,  which 
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is  merely  u  di£Perent  form  of  electricity,  produces  heat  still 
more  intense,  melting  the  most  refractory  of  the  metals, 
and  causing  all  of  them  to  bum.     These  are  afterwards  to- 

« 

be  considered. 

The  effect  of  condensation  in  producing  heat  is  most 
conspicuous  in  the  compression  or  rare&ction  of  elastic- 
fluids,  as  in  these  a  considerable  change  of  volume  can  be 
suddenly  produced.  By  condensing  a  gas,  its  tempera- 
ture is  always  raised,  and  by  a  forcible  and  rapid  conden»- 
sation,  this  extends  even  to  the  temperature  of  ignition,  a 
piece  of  tinder  being  easily  kindled  by  condensing  the  air 
in  a  metallic  tube.  In  rarefying  any  elastic  fluid,  cold  is 
always  produced. 

Friction  and  Percussion  arc  well-knowh  sources  of  heat. 
Two  solid  bodies  rubbed  against  each  other  always  become 
warm,  and  frequendy  so  much  so,  that  if  inflammable 
they  are  kindled;  the  heat  excited  varies  according  to  the 
hardness,  elasticity,  and  other  qualities  of  the  body  $  the 
hardest  ar^  not  those  that  are  most  heated.  Of  heat  from 
percussion,  the  spark  struck  by  steel  bom  a  flint  is  a  fiip- 
miliar  ex^imple,  in  which  the  temperature  is  raised  to  ig^ 
nition. 

Chemical  action  is  perhaps  invariably  attended  with  a 
change  of  temperature ;  it  is  often  productive  of  heat,  and 
in  some  Casesi  in  a  state  of  high  intensity.  Combustion  is 
an  example  of  this,  this  process  being  the  combination  of 
one  of  the  aerial  ingredients  of  die  atmosphere,  oxyg^i 
gas,  with  the  combustible  body,  and  the  heat  produced  a- 
rising  directly  from   this   combination.     It   is   therefore 
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much  fegulated  by  the  rapidity  with  which  the  combina- 
tion is  effected. 

If  oxygen  gas,  in  its  pure  form,  be  supplied  to  the  com- 
bustible matter,  the  combustion  is  extremely  rapid,  and, 
of  course,  the  heat  is  intense,  and  by  this  method,  indeed, 
we  obtain  the  highest  degree  of  heat  which  appears  to  be 
capable  of  being  excited  by  artificial  arrangements.  The 
oxygen  gas  is  either  directed  in  a  stream  on  ignited  char- 
coal, or  a  current  of  it  is  mingled  with  a  current  Df  an  iil- 
flammable  elastic  fluid,  hydrogen,  itnd  the  mixed  gases  are 
kindled.  By  either  of  these  modes,  a  heat  is  excited  su- 
perior to  that  in  the  focus  of  the  most  powerful  burning 
lens,  and  almost  every  substance  may  be  fuse<^  or  dissipfr- 
ted  by  it. 

In  exciting  combustion,  merely  by  supplying  atmosphe- 
ric air  to  the  burning  body,  it  is  accelerated,  and  of  course 
the  heat  is  increased  by  certain  arrangements,  causing  the 
air  to  be  more  freely  and  rapidly  supplied*  On  this  prin- 
ciple, in  particular,  is  founded  the  construction  of  furnaces, 
a  kind  of  apparatus  extensively  employed  in  chemical  ex- 
periments, as  applying^heat. 

The  essential  parts  common  to  every  Aimace,  are  the 
body  or  fire  place  in  which  the  fuel  bums,  and  where  the 
vessel  containing  the  materials  to  be  operated  on  is  pla- 
ced,— the  chimney  by  which  the  smoke  and  heated  air 
escape, — ^and  the  ash-pit  designed  to  receive  the  ashes  of 
the  fuel,  and  by  apertures  in  which  air  is  admitted  to  re- 
gulate the  combustion.  The  advantage  firom  an  appara- 
tus of  this  kind  in  exciting  combustion,  is  derived  from  its 
^^imsing  a  more  rapid  circulation  of  air.     The  air  in  the 
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upper  part  of  the  fttmaoe  m  rarefied  by  die  burning 
it  therefore  ascends  by  the  chimney,  and  colder  air  bring 
pressed  in  beneath^  rises  thnsu^  the  interstices  of  the 
ibel,  and  producea  a  ri^pid  combustion.  From  this  it  is 
evident,  that  the  higher  the  cliimney  is,  (at  feast  to  the  ex- 
tent of  die  air  within  it  not  being  much  cooled,)  the  umc 
rapid  die  current  of  air  will  be,  for  the  diference  will  be 
greater  between  the  specific  grarity  of  die  column  of  heat* 
«d  air,  and  the  corresponding  column  of  the  tixtemal  at- 
mosphere. On  this,  dierdbre,  princ^iaBy  depends  die 
power  of  die  fomaoe  to  produce  intensity  of  heat. 

It  H  necessary,  too,  to  confine  the  4ieat  and  prevent  its 
disdpatioD.  This  is  accomplished  by  coating  the  inner 
surface  with  some  substance  which  transmits  the  heat  slow- 
ly, as  a  hite  of  day  and  sand,  which  likewise  senres  to  de- 
lend  the  iH)rBace,  when  constructed  of  metal,  firom  the  ac«* 
tion  of  the  fire.  When  fisced,  and  built  of  brick,  the  build- 
ing is  a  sulRciettdy  imperfect  conductor  to  confine  the 
heat* 

A  very  comrenient  general  fiumaoe,  applicable  to  most 
of  the  operations  of  chemistry,  was  contrtyed  by  Dar  Kack. 
It  is  represented  Pkfee  11.  Fig*  U*'  A  is  the  body  of  the 
l«mace,  of  an  dlqHical  form,  which  contains  the  fod,  and 
firequentfy  the  substance  to  be  operated  on,  made  of  pkle- 
iron,  and  Uned  to  the  thickness  of  two  or  three  inches, 
first  with  a  mixture  of  day  and  charcoal,  beisi  into  apaste 
with  water,  and  over  this,  next  to  the  fiid,  with  a  coating 
of  day  and  sand.  On  the  top  of  the  body  is  fixed  an  ircMi- 
plate;  having  two  apertures,  one,  a,  placed  over  the  cavity, 
and  designed  to  receive  an  iron-pot  with  sand,  the  odker 
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IdttiUev*  to  which  the  tkimumy,  B,  made  ixFa  tube  of  irp«» 
id  fined*  C  represeotB  tha  gf»le>  in  it  plate  of  iron  whioh 
if  fixed  to  the  bottopi  of  the  body  of  the  furnace^  neeriy* 
but  not  exactly  opposite  to  the  larger  nperture  in  the  upv 
per  pfaile.  D  ii  die  «di-pit>  the  bo4y<>f  the  ftimace  being 
iieoeived  into  it,  aad  railing  on  a  strong  ring  ttmnd  the 
cttvity,  at  ahovt  half  an  iiKh  deep.  In  this  ash^t  is  a 
^0or»  b^  tyming  on  hinges*  to  rempve  the  ashes ;  and  »• 
register*  c»  dengpsed  to  regulate  the  admission  of  air*  It 
ia  a  plate  of  irnn,  in  vduclxare  six  ^nitnres,  fifled  with 
^^ugsi  the  sice  ofthemincreaaiQg  in  geometrical  ratio,  ao 
that  by  opeaiag  tboHi  singly,  or  in  oomhination,  the  sup- 
ply of  ahr  to  pass  durongh  the  fiiel,  and  conaequendy  the 
heat  to  be  excked  in  the  iiumace,  can  be  regulated  with, 
.precision*  The  fbcl'ia  intFoduced  at  the  top,  but  as  it  ean<- 
not  eaaiiy  be  siqppliod  this  way  in  die  prc^press  of  the  pro- 
cess going  on  in  the  fiumace,  at  least  when  the  sand-pot  is 
jisadf  the  fiimaoe  is  sometiines  constructed  with  a  door  in 
the  side^  thon^  this  rendars  the  negulatjon  of  the  adniia- 
sion  of  air  less  pev£e£L  When  the  fiunaoe  is  used  for  fii- 
iioo,  or  similar  pufposes  where  a  aand^fwt  is  not  required, 
the  upper  aperture  is  eoYered  with  a  dome. 

In<q[)e)«ilionsoa  A  laiger  scale,  a  fixed  fumape  of  hridk, 
and  oapaUft.  of  exciting  an  intense  heat,  U  required-  Fig^ 
12*  rcfcesants  the  usoal  fimn  of  a  mdling  fomace  of 
this  kind*  the  stmctare  of  whidi  is  obvious  $rom  the  %^re. 
A  is  the  canity  of  the  fiumaoc^  tenninating  by  a  passi^  in 
the  ch^naay  B,  which  is  raised  to  the  requisiteheig^t*  At 
C  is  an  apertura  covered  with  a  plate  of  iron,  or  of  fire- 
iirick,  through  which  fuel  is  introduced*  On  the  grate,  P, 
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is  pkoed  a  covered  crucibley  on  a  pedestal  c^  baked,  dq^ 
and  in  the  passive  of  the  chimney,  at  a,  a'muffle  is  some* 
•times  placed ;  £  is  the  ash-pit,  throng  which  the  air  is 
admitted  to  the  fiieL 

When  solid  substances  are  to  be  exposed  to  these  in- 
tense heats  to  fuse  them,  or  to  fiiKToiir  their  mutual  diemi- 
cal  action^  crucibles  are  the  vessebgeneralfy  employed,  far 
experimental  purposes.  The  Hessian  cmdble,  as  it  is  oa- 
med,  is  a  species  of  earthen-ware  or  baked  day,  whioh 
stands  the  most  intense  heat  without  fusing ;  the  only  dis- 
advantage  attending  it  is,  that  it  is  liable  to  be  cracked  by 
very  sudden  alterations  of  temperature*  The  Uack4ead 
'crucibles,  made  of  plumbago  and  day  baked,  are  not  li»- 
Ue  to  this,  and  are,  therefore,  ofien  used,  especially  in  fin 
sing  metals  *,  from  a  number  of  saline  substances,  however, 
they  suffer  corrosion.  The  usual  form  is  represented  Fig* 
1 S.  Crucibles  of  platina  are  sometimes  used*  Cupels  are 
small  cups  made  of  bone-ashes,  very  porous :  they  are  used 
principally  in  refining  the  more  predous  metals,  wfaidiare 
not  oxidated  by  heat  and  air,  any  oxidab]e  metal  oHnln- 
ned  n^ith  them  soon  sufiering  this  change,  and  the  vitri- 
fied oxide  being  absorbed  by  the  cupel.  They  are  placed 
under  an  arched  earthen  vessel,  open  at  the  end,  named  a 
Muffle,  Fig.  14.  by  whidi,  while  the  fiid  is  exdnded,  the 
air  which  is  necessary  in  the  process  is  fredy  admitted. 

In  applying  a  more  moderate  and  eqpiabk  heat  to  £► 
voiir  chemical  action,  the  medium  of  sand,  forming  the 
Sand  Bath,  is  generally  employed,  and  glass  vessels  nam- 
ed Matrasses  or  Cucurbits  are  used.  The  cucurbit  is  re- 
presented, with  the  alembic,  PL  III.  Fig.  18.  as  the  ap«> 
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^pttTitw  ^MA  IS  used  in  saUinuitKm*    Thef  matrass  is  re« 
pU'BHiliid  Fig.  9*  PL  IL :  from  being  blown  thin  and  eqtia^ 
Ue,  it  sustains  alternations  of  temperature  with  less  risk 
of  breakings  and  from  the  length  of  its  neck  any  vapour ' 
'Which  is  farmed  is  condensed  andfaUs  back. 

A  convenient  method  of  applying  heat  from  combus^ 
•tion,  whore  it  is  not  neoetery  that  it  should  be  very  in- 
tense, is  by  the  Lanqvfiirnace.  A  lamp  with  a  concen- 
tric wiok^  and  internal  supply  of  air,  on  the  {Principle  of 
ArgauPs,  aflbrds  a  heat  which  has  die  advantage  of  being 
easity  regulated ;  the  elevation  or  dq>re8sion  of  the  wick, 
and  the  distance  at  whidi  it  may  be  placed  from  the  body 
designed  to  be  heatedt  allowing  the  application  of  various 
degrees  of  hestf  and  their  speedy  change.  By  having  a 
'double  circular  wick,  the  heat  is  rendered  more  powerful, 
at  least  three  times  more  so  than  when  the  lamp  with  a 
single  wick  is  u^ed. 

Th^  lamp  is  sometimes  attached  to  an  iron  or  brass 
rod>  on  whidi  it  slides,  and  to  which  are  attached  rings  of 
different  diameters,  to  support  a  retort  or  matrass  above 
the  flame,  as  is  represented  PL  I.  Fig.  6. 

A  mode  of  applying  a  very  strong  heat  at  a  small  point, 
is  thsSt  by  the  Blow-pipe.  This  instrument  is  a  conical 
tube,  with  a  small  aperture  at  its  narrow  extremity,  and 
having  towards  that  extremity  a  moderate  curvature.  It 
is  made  of  brass,  or  <^  glass.  By  blowing  through  this 
tube  cm  the  flame  of  a  candle  or  lamp,  in  a  horizontal  di- 
rection, the  flame'  is  urged  in  a  conical  form^  and  at  the 
extremity  of  it,  or  rather  at  the  extremitfr  of  an  internal 
hbe  flame,  which  is  surrounded  by  one  of  white  light,  a 
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boBt  poimfmniMfy intoQie  i*  tgtdtA  It  H  umA  \9iihe 
chemiit  and  jvincmlogpflt  to  unfurf^ain  the  ftwibflitifafc  jof  ho- 
dies,  and  by  the  artiato*  m  enarndfing  and  «  voridiig  » 
glass,  which  ia  mdted  by  it>  ao  as  to  be  capable  of  beii^ 
jDoulded  into  any  shape,  or  bbw  into  vessds  of  a  soiaB 
me* 

The  facility  of  blowing  through  the  Uow^^pipe,  io  aa  to 
keep  up  a  constant  stream  of  air,  is  not  easily  aoquiredf 
and  it  is  fatiguing  to  continoe  it  for  any  length  of  time- 
Different  oontrivanoes  ha^e  been  had  recourse  to,  to  ob- 
viate this  inoonirenicfnce.  The  instrument  is  sometiBies 
oQBOiected  by  a  flexible  tube  with  dotiUe  bdlows  worked 
.by  the  foot,  by  which  a  uniform  stream  of  air  is  forced 
through  the  tube*  The  v9tp0VLT  ofepixif.  of  wine  has  been 
ai^lied  to  the  same  purpose :  a  quantity  of  apirit  being 
put  into  a  small  vessel,  jirhich  is  heated  over  the  flame  of 
ft  lamp ;  and  the  vapour  conducted  through  a  curved 
tube  is  directed  on  the  flame  of  a  candle,  or  that  of  a  wick 
placed  in  a  dij&xent  part  of  the  same  tin  lamp  as  that  by 
which  the  qpirit  is  heated*  A  safe^  valine  is  adi^ted  to 
the  vessel  containing  the  spirit,  to  render  the  flame  nione 

.  The  souroes  of  CSoId  are  Rarefiu^on,  Eviqioration,  apd 
Chemical  Action. 

The  i^scs^tion  of  thie  fint  is  scarcely  oonspicuous  but 
in  dastic  substances,  as  in  these  onfy  can  the  volume  be 
^^uddanly  changed  to  any  considerable  esBtent.  When  a 
gas  is  larefied  by  removing  preasure  fix>m  it,  its  ten^ 
|>erature  atways  fidk,  and  the  moc^  sudden  and  great  die 
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i^anCictioii  11^  the  cold  produced  is  greater.  By  afflowing 
air,  previottsty  compMMed,  to  expand  suddenly,  the  tan- 
pofatore  is  reduced  below  S3^. 

'  •  tn  the  transiticm  of  substances  to  the  nerial  form,  an 
augmentation  of  capacity  aibrays  happens,  whence  an  ab- 
sotption  of  caloric  {inlaws.  Evaporation,  therefore,  is  al- 
Vays  /att^Mhd  with  cold,  and  is  greater,  according  as  the 
liquid  passes  more  qnkkiy  into  the  aSrial  form,  or  as  this 
IS  accelerated  by  circumstances.  Thus,  the  bulb  of  a 
thermomefeff  being  moistened  with  water,  and  the  evapo- 
ration bdng  promoted  by  directing  a  current  of  air  on  it, 
the  temperature  SeJIs  5  degrees,  with  alkohol  under  the 
same  drcumstances  13  degrees,  and  with  sulphuric  ether 
50  degrees.  On  removing  the  pressure  of  the  atmosphere, 
the  evapcNratfon  is  of  course  more  rapid,  and  hence  ifccf 
cdd  is  greater. 

Oiemical' action  is  a  source  of  much  more  hitense  cold, 
by  the  t9pii  change  of  form  to  which  it  gives  rise,  solid 
fiubstences,  by  combining,  passing  into  the  Ikjuid  form,  and 
this  being  attended  with  enlargement  of  capacity. 

The  most  simple  example  of  this,  is  in  the  solution  of  a 
salt  in  water,  which  is  always  attended  with  a  fall  of  tem- 
perature, in  some  cases  to  ttie  extent  (^20,  SO,  or  40  de- 
grees. AVhen  mixtures  of  salts  are -dissolved,  the  reduc- 
tion is  still  greater,  and  theseferm  what  are  usually 
flamed  Freeehig  Mixtmres.  Equal  parts  of  muriate  of 
ammonia,  aftd  of  nitre  in  powder,  added  to  water  in  the 
proportion  of  5  parts  to  8,  reduce  die  temperature  from 
50^  to  11^,  and  this  forms  one  of  the  most  econcmiical  of 
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diese  mixtiirefl,  as  ike  «>lid  matter  Mcov^red  by  e¥apov»^ 
tion,  and  dried,  answers  equafy  wdi  aa  bef(Mre. 

By  dissolving  salts  in  adds  more  or  less  dilated,  greater 
degrees  df  cold  are  obtained.  Sulphateof  soda,  .added  to 
solpluiric  acid,  previously  dSiited  with  on  e^pal  weight  of 
water,  depresses  the  tampemtiue  from  50^  to  5^.  'Mixr 
fnres  of  salts  cause  a  still  greater  d^eesioq^  From 
phosphate  of  soda,  and  nitrate  of  aamsKHua,  added^to  di- 
luted nitric  add,  a  r«ductioa  is  obtained  from.  5P  $o  -7^21. 

'The  cold  from  similar  actkms  exertcjfl  between  these 
substances,  and  ice  or  snow,  is  still  more  intense ;  as^in  the 
cbai^  which  results,  the  absorption  of  calc»ic  from  d^e 
lique&ction  of  the  ice  is  added  to  that  from  the  solution 
o(  the  saline  matter*  Acids,  in  a  certain  #tate.  of  difaiticn, 
poured  on  snow  or  ice,  reduce  the  t^oiperfiture  to  10,  ^, 
or  30  d^ees  below  the  freezing  point  of  water.  Solid 
Saks  mixed  with  snow  are  crften  equally  powerfid.  A 
mixture  of  common .  salt  and  snow,  a£S»rded  Fahrai^eit 
the  temperature  at  which  he  commenced  his  scal^  A 
mixture  of  dry  potaah  and  snow  reduces  the  tempex^fire 
to  — 5$^,  and  a  mixture  of  muriate  of  lime  and  snpw  to 
—56*. 

From  the  application  of  these  freezing  mixtures^  the  e£> 
fects  of  intense  cold  on  a  number  of  substances  have  been 
-ascertained.  Qnidi:silrer  is  easily  r^ndere^  solid;  the 
moet  ductile  of  the  met|ds  .lose  their  ductilky  $  liquids 
that  resist  freezing  most  powerful^,  as  wines,  brapdyy 
ether,  and  nitrous  add,  are  congealed ;  and  som^  of  the 
ga«e8  diat  afi^ar  permanent,  as  ammonia»  and  oxy-muri- 
atic  add  gas,  have  been  brought  to  the  liquid  form.     This 
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process  of  artificial  refrigeration  requires  to  be  conducted 
with  attention  to  several  circumstances.  The  soKd  saks 
ought  to  be  rec^tly  crfstaDized,  dry,  and  reduced  to  fine 
powder,  the  due  proportions  observed,  the  materiab  ac-. 
curately  mixed,  the  vessel  emplcy^ed  an  imperfect  conduc- 
tor, the  air  excluded  ds  much  as  possible,  and,  to  attain 
extreme  coM,  the  materials  must  be  previously  cooled, 
taking  care  only  not  to  cool  them  below  that  tenq>erataf« 
at  which  they  can  act  on  each  other. 

The  theory  of  the  action  of  freezing  mixtures  ultimatd- 
ly  rests  on  the  principle,  diat  the  reduction  of  temperature 
arises  from  the  augmentation  of  capacity,  produced  by  the 
rapid  liquefaction  of  the  solid  ingredients.  Th««  are 
some  geMral  iacts,  however,  connected  with  tiiis  of  con- 
siderable interest,  particularly  as  enabling  us  to  point  out 
what  substances  are  best  fitted  by  their  mutual  action  to 
produce  cold,  what  degree  of  cold  may  be  expected  iiom 
their  mixture,  what  will  be  the  maximum  of  refrigetatioD, 
and  what  the  best  proportions  of  the  materials^ 

It 'is  obvious,  diat  those  substances  wiH  produce  the 
greatest  cold,  which,  by  their  mutual  action,  produce  the 
most  rapid  solution j— -which,  during  that  solution,  suffer 
the  greatest  augmentation  of  capacity,— «nd  which  form  a 
compound  thiat  at  low  temperatures  remains  liquid.  There 

« 

is  perhaps  no  individual  mixture  in  which  these  circun^ 
stances  are  present  to  the  greatest  extent ;  yet  the  know- 
ledge of  them  enables  us  to  point  out  the  respective  powers 
of  the  mixtures  usually  employed. 
*  Thus,  in  the  solution  of  a  salt  in  water,  there  is  m^ely 
the  gradual  transition  of  the  solid  to  the  fluid  form ;  hence 
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the  cdd  produced  is  not  coiiHderidi]e«  When  two  fia3x» 
at0  mingled  together,  these^  by  thdr  reciprocal  ^action» 
both  acoekrftte  the  sokitiou  ci  etd^  otlfer,  and  enable  a. 
given  quanti^  of  water  to  duaolve  a  greater  quanti^ :  as 
more  sc^  matter^  tberefijre,  passes  to  the  liquid  state,  and 
does  so  more  quickly,  a  greater  portion  of  cakmc  is  al^ 
fiorbed  in  a  gi^en  time,  and  la  greater  degree  of  cold  is 
produced.  Hie  attraction  of  adds  to  water,*  or  rather  to 
the  sohd  particles  of  water,  is  strong,  and  their  mutual 
action  eneigetie;  ice  too  is  a  substance  which,  in  its  tran* 
sition  to  fliiidily,  tfu£fers  a  large  augmentation  of  capacity; 
hence  it  may  be  concluded,  what  experimeat  provel  to  be 
just,  that  from  the  action  of  aoids  on  show  or  ice,  a  gfeat 
degree  of  ooU  will  arise.  Lastty,  in  the  mixture  of  two 
aofid  substances,  which  by  their  mutual  action  pass  t6 
lAuidity,  the  comparatiYe  enlargem^t  of  capacity  must  be 
greater,  and  a  greater  diminution  of  temperature  pro- 
duced,  though  this  is  in  some  measure  liimted  by  the 
greater  slowness  mth  which  two  soUds  act  on  eadi  odier^ 

Another  principle  is  to  be  attended  to,  wfaidk  in  diese  ' 
mixtures  mod^es  the  quantity  of  cBlotic  that  is  absorbed  ' 
from  the  lique&ction.    Although  the  indirect  ccmsequence 
of  the  chemical  action  between  the  substances  mixed  is 
absorption  of  caloric,  in  ocmaequence  of  the  liquefiMlicm  R 
occasions,  yet  its  direct  taidency  is  to  evohre  caloric,  by  ' 
the  increase  of  dafudty  which  chemical  action,  indepen- 
dent of  dbtfuige  of  form,  always  occasions.    Hence  two  e& 
fects  result  from  the  mutual  action  of  the  ingredients  of 
fireesa^g  mixtures,«--eTolution  of  caloric,  as  the  bnmediate 
result  of  the  combination,  and  absorption  of  celoiiCy  as  the 
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wuk  6f  tkeMqtefiKlini  u>  wfaicfa  tbe  goml>inatH»tt  giYc» 
mei  and  the  iiliimafMi  efibi*  is  ompoimded  of  dkney  <Hr 
the  aotud  dlai^  of  tmopentne  is  cmiy  the  eKoeifl  of  the, 
oneover  the  other*  This  is  gaBfOaHlj  0Qld»  but  the  reYerte 
sometimei  happensy  as  in  poiuii^  a  concentnted  add  on 
saoVT)  or  dissofaritig  loMd  pobeidi  in  wat^^  afid  vriiere  cold 
is  {)K)diioed>  it  is  abrap  ksiencd  by  this  caoae.  It  ia 
therefore  sometimes  advantageous  to  diminish  the  tsoergy 
of  the  more  active  anb^fcanoe  by  jprevioua  dihitiony  as  in 
cmpkifiDg  the  acids;  asnd  in  aH  cases  there  is  a  certain, 
state  of  concentrMion  of  tlie  materiak,  and  a  ocrtnn  pro* 
portioii  of  them,  from  which  the  greatest  coU  wiH  be  ob» 
lainfd. 

Lasdy^  it  is  to  be  raoirked)  that  we  do  not  obtain  the 
reduction  of  taBparatute  to  the  hnrest  point  in  die  ther^ 
monMrical  scale  frotti  those  mixtare^  whidi,  dmniig  dieir 
mutual  actiMy  absorb  most  cakiic  If  we  take  two  fireea* 
ing  Hnixtuies  at  S3^,  the  one  atnriite  of  line  and  sapw^ 
the  other  diluted  sulphnric  acid  and  snow^  the  fehner  wifl 
prodaosniorecoU  dnn  the  ktter )  it  wifl  sink  tfe  dbenno* 

m 

aMtcs  to  r*«40*  or  <-«50%  while  the  other  wiB  task  at  to 
aHitmoi:ethan*^2£<'»  Botwemsffreachalowerpouitinthe 
scale  of  ten^rstore,  by  saocessive  application  of  dihitfid 
sulphuric  acid  and  snow,  than  we  can  do  by  mnriateof  linse 
and  snow;  for,  past  a  certain  temperature,  the  latter  mix- 
ture does  not  liquefy,  buty  on  the  contrary,  were  it  liquid 
would  become  sblid,  while  the  former  remains  liquid  at 
lower  temperatures  than  thiik  If  we  cool,  therefore,  pre-' 
vious  to  mixture,  ihiudate  of  lime  and  snow  to  — 7S^»  no 
^vantagg  i^  g|anedf  we  even  rather  diminish  their  mu- 
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toal  action,,  by  adding  to  th^  cohenon  of  eadk  But  hy 
previoody  oooHng  dilated  gulphnric  acid  and  snow,  an 
important  advantage  is  gained  ^  the  same  limit  is  not 
placed  to  their  mutual  action,  and  the  lower  the  tempera* 
ture  is  reduced,  the  lower  will  the  temperature  be  that  re- 
sults £nom  that  action,  down  to  the  point  at  which  the  li- 
quid fonned  by  the  action  '<^  the  add  on  the  snow  would 
eongeaL  , 

This  furnishes  us  th^efore  with  the  general  rule,  that 
the  temperature  can  never  be  reduced  by  ^  freezing  mix- 
ture  beyond  that  point  at  which  the  liquid  combination 
resulting  from  that  mixture  congeals  or  crystallizes,  and 
must  indeed  always  be  a  degree  or  two  above  it.  It  abo^ 
in  some  m^isure,  determines  the  proportions  in  whioh  the 
substances  should  be  mixed  together;  those  beio^;  best,  in 
which  the  isu^tion  shall  be  most  rapid,  without  being  too 
energetic  to  evolve  heat  fro^  the  combination, .  and  in 
which  the  resulting  solution  is  of  that  strengdi,  that  is 
least  liable  to  congeal  or  crystallize. 

In  the  following  Table,  without  including  all  the  mix* 
tures  that  have  been  employed,  I  have  inserted,  frcHn  the 
e]q>eriments  of  Lowitz  and  Walker,  a  few,  which  are 
either  economical,  easily  managed,  or  capable  of  produc- 
ing very  intense  colds. 
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Temperature  reduced* 

Muriate  of  ammonia,  5  parts,  citrate  of  potash  1  .         ^       ^ 
5y  water  l6,  3 

Muriate  of  ammonia,  5  parts,  nitrate  of  potash  > 
5,  sulphate  of  soda  8,  water  l6,  3 

Sulphate  of  soda  8,  muriatic  acid  5, 

Sulphate  of  soda  5,  sulphuric  acid  diluted  with  1 
an  equal  weight  of  water  4  parts,  j 

Sulphate  of  soda  6,  muriate  of  ammonia  4, ) 
nitre  2,  diluted  nitric  acid  4f  y 

Sulphate  of  soda  6,  nitrate  of  ammonia  5»  dilu*  1 
ted  nitric  acid  4,  3 

Muriate  of  soda  1,  snow  2  parts, 

Nitric  acid  diluted,  snow 

Concentrated  sulphuric  acid,  snow. 

Muriate  of  soda  2,  muriate  of  ammonia 
snow  5, 

Carbonate  of  potash,  snow, 

Muriate  of  soda  10,  nitrate  of  potash  5,  snow ) 
24,  5 

Sulphuric  acid  diluted  with  one-half  it^  weight  1 
of  water,  2  parts,  snow  3  parts,  3 

Concentrated  muriatic  acid  5,  snow  8, 

Concentrated  nitrous  acid  4,  snow  7> 

Muriate  of  lime  5,  snow  4, 

^ 3, 2, 

5, 3, 

Potash  4,  sQow  3, 

Muriate  of  lime  2,  snow'  1 , 

___  3  J  snow  1, 

&3lphuric  acid  diluted  with  half  its  weight  wa- 
ter 10»  snow  8y 

Vol.' I.  O 


'■} 


50  to  4 
50  to  0 
50   to    3 

50  to-10 

50  to-14 

32  to -5 
32  to-10 
32  to-lO} 

82  to-13 

32  to-17 

32  to-18 

« 

32  to-23 

32  to-27 

33  to^O 
32  to*40 
32  to-50 
32  tD-53 
3^  to-51 

0  to-66 
—40  to-73 


}  - 


68  to»91 
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SCALE  OF  TEMPMMATVB^. 


These  observatuHis  on  the  range  of  temperature,  natu- 
ral or  ardficialy  may  be  condiuled  with  a  TaUe,  exhibit- 
ing the  principal  points  that  have  been  marked  in  the 
iscaleof  heat. 
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Extremity  of  (be  scale  of  Wedgwo6d's  ther- 
mometer ....  240^ 

Greatest  heat  of  an  air  furnace,  which  neither 
melted  nor  softened  Nankeen  porcelain 

Chinese  porcelain  softened,  best  sort 

Cast  iron  thorougUy  mdted 

Hessian  cmcible  melted 

Cast  iron  begins  to  melt 

Greatest  heat  of  a  smith's  forge 

Flint  glass  furnace  (strongest  heat) 

Welding  heat  of  inm,  greatest 

Welding  heat  of  iron,  least 

Fme  gold  melts  -  ..  . 

Settling  heat  of  flint  glass 

Fine  silver  melts  -       ^     . 

Swedish  copper  melts 

Brass  melts  •    * 

Red-heat  fully  visible  in  day-light 

Iron  red-hot  in  the  twilight 

Heat  of  a  common  Are 

Iron  bright  red  in  the  dark 

Zinc  melts  «  .  . 

Quicksilver  boils 

lowest  ignition  of  iron  in  the. dark 

linseed  oil  boils 


3^277* 


160 

21877 

156 

2135^ 

150 

20577 

150 

20577 

120 

17977 

125 

17327 

114 

15897 

95 

13427 

90 

12777 

32 

5237 

29 

4847 

28 

4717 

27 

4587 

21 

3807 

0 

1077 

884 

- 

790 

752 

- 

700 

672 

- 

635 

60a 

SCALE  op  TS1IP£BATUR£.  21 1 

Fahrea« 

Lead  melts                -                -                -            •  -      594^ 

Sulphuric  acid  boils        /      -                 -                 -  590 

Sulphur  bums                 -                   -                   •  .i_ 

Phosphorus  boils                   -                  •                   -  554 

Bismuth  melts  ^          -      .          -              -             -  476 

Tin  melts              -              -                -                -  .        442 

Nitric  acid  boils                 -                 -                •  .        242 

Sulphur  melts             -              -                 -              -  226 

Water  boils  (the  barometer  being  at  30  inches)  212 

Alkohol  boils                 .                 .             .            -  174 

Phosphorus  melts            -             •        •      -             -  100 

Ether  boils                -                -                -             -  98 

Heat  of  the  human  blood                  -                  .  ^g 

]Vf  edium  temperature  of  the  globe  '         -                -  .       50 

Ice  melts                 •                 -                 -                 -  32 

Strong  wines  freeze  at  about                 -                *  20 

A  mixture  of  alkohol  and  water,  equal  parts,  freezes  —-7 

A  mixture  of  2  parts  of  alkohol  and  1  of  water  freezes  — li 

Melting  point  of  quicksilver                -               -  -—39 

Liquid  ammonia  crystallizes                •               -  — 42 

Nitric  acid,  spec.  gr.  about  1.42,  freezes              -  -^45 

Sulphuric  ether  congeals                -                  «  — 47 

Natural  temperature  observed  at  Hudson's  Bay        -  ^    — 50 

Ammoniacal  gas  condenses  into  a  liquid              •  — 54 
Cold  produced  from  diluted  sulphuric  acid  and  snow,  the 

materials  being  at  the  temperature  of — 57        •  -  — 7%\ 

Createst  artificial  cold  yet  measured  (Walker)         -  — 91 
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J  HE  materiafity  of  Li^t,  and  its  insulated  existence,  aie 
sufficiently  demonstrated.  Its  emission  from  bodies,  it» 
motion  even  to  the  most  distant  regions  of  space  inde^ 
pendent  of  any  medium,  the  changes  which,  may  be  pro^ 
duced  in  that  motion  by  reflection  and  inflection,  and  the 
chemical  efiects  it  produces,  are  proofs  of  this  material 
existence,  free  from  all  doubt.  We  cannot  easily,  how- 
e%eTf  trace  the  combinations  of  light :  we  observe  only  it» 
evolution  and  absorption,  and  the  effects  arising  frdm 
th^se,  without  being  able  to  discover  how  far  it  influences 
th?  constitution  of  bodies  in  which  it  eau^ts,  or  to  what 
extent  it  is  liable  to  the  laws  of  chemical  attraction*  Ita 
chemical  history,  therefore,  falls  to  be  considered  under  a 
point  of  view  nearly  the  same  as  that  under  which  caloric 
h  regarded.  And  with  that  power  it  may  justly  be  asso- 
ciated as  a  repulsive  agent,  the  particles  of  light  being 
mutually  repellent,  and  operating  perhaps  as  much  in  pro- 
ducing chemical  change  by  the  repulsion  they  communi- 
cate, as  by  the  affinities  they  exert 

Light  has  been  regarded  as  consisting  of  particles  of 
extreme  minuteness,  projected  from  luminous  bodies,  and 
moving  in  right  lines  with  the  utmost  velocity.  It  has 
also  been  considered  as  a  continuous  fluid  of  perfect  elas- 
ticity and  extreme  tenuity,   diffused  through  space,  in 
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which  vibrations  are  excited  by  lomii^ous  bodies,  so  as  tp 
produce  its  peculiar  phenomena.  Hie  former  opinion  has 
been  more  generally  rece^ved^  as  better  adapted  than  the 
other  to  the  explanation  of  the  physical  affections  and  re- 
lations of  light ;  and  it  appears  to  be  more  directly  esta- 
blished by  the  chemical  agencies  of  this  power,->— its  al> 
sozj>tion  by  bodies,  and  its  subsequent  evolution.  If  it  be 
admitted,  the  minuteness  of  the  particles  of  Ught  must  be 
extremely  great,  beyond  even  what  th9  imagination  can 
clearly  conceive,  as  is  evident  from  the  velocity  of  theif 
motion,  and  their  hot  being  interrupted,  though  moving 
in  space  through  which  innumerable  rays  are  constantly 
projected. 

The  particles  of  light  are  mutually  repellent  So  per« 
feet  is  its  elasticity,  that  it  is  reflected  from  a  body  at  an 
angle  equal  to  the  angle  of  its  incidence.  It  is  subject  to 
the  attraction  exerted  between  masses  of  matter,  as  is 
proved  by  the  inflection  it  suflei*s  in*  passing  near  to  any 
body,  or  in  passing  obliquely  from  cfiie  mediiun  into  an- 
other, giving  rise  to  its  refraction. 

A  ray  of  light  is  not  homogeneous,  but  consists  of  par- 
tides  suffering  refraction  in  diflerent  degrees,  and  hence 
capable  of  being  separated.  These  excite  the  sensation  of 
vision  under  diflerent  modifications,  giving  rise  to  difi!> 
rent  colours,  and  produce  diflerent  chemical  effects.  ^ 
entire  ray  of  light  is  thus,  by  transmission  through  a  trian- 
gular glass prislay  divided  into  seven  rays,. the  red,  orange, 
yellow,  green,  Uue,  indigo  and  violet,  the  red  being  the 
least  refrangible^  and  therefore  falling  on  a  space  least  dis- 
tant fr^ofo.  ijmt  on  which  the.  undivided  ray  would  have  iiQ-^ 
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pinged,  had  its  direction  not  been  changed ;  the  violet  he^ 

ing  the  most  re&angible,  and  &ning  therefore  on  a  space 

* 

most  distant  from  this ;  the  others  being  arranged  betireen 
these ;  the  whole  forming  the  prismatic  spectrum.  In  this 
the  different  coloured  rays  occupy  unequal  spaces,  and 
their  limits  are  not  perfectly  defined. 

Of  these  coloured  rays  some  have  been  supposed  prima^- 
ly,  the  others  being  formed  by  their  intermixture.  Eadh, 
indeed,  puffers  no  change  by  &rfther  refraction,  but  this  is 
not  to  be  expected  even  on  this  hypothesis,  since,  if  aiqf ' 
of  them  is  composed  of  two  kinds  of  rays,  these  must  be 
of  the  same  refrangibility,  as  it  is  only  from  this  coinci- 
dence that  they  could  have '  remained  associated  after  the 
first  refraction.  The  red,  yelTow,  and  blue,  have  been 
supposed  primary,  as  they  give  rise  to  the  other  colours 
by  their  intermixture :  this  distinction  has  also  been  as- 
signed to  the  red,  green,  and  violet,  the  intermediate  co- 
lours in  the  spectrum  being  formed  by  the  union  of  these 
two  and  two,  and  white  light  being  obtained  by  combining 
the  three.  The  differences  in  the  properties  of  the  co- 
loured rays  have  been  supposed  by  some  to  depend  on 
the  difflTcnt  magnitudes  of  their  particles,  by  others  on 
the  different  velocities  with  which  they  move, — suppositions 
which,  Jiowever  they  may  be  adapted  to  the  physical  rela^ 
ti^s  of  these  rays,  scarcely  explain  the  differences  in  their 
chemical  powers.  x 

Light  is  differently  affected  by  difierent  bodies.  It 
passes  through  some  with  little  interruption ;  by  others  it 
is  reflected;  some  reflect  one  ray  retaining  the  others, — an 
effect  giving  rise  to  the  colours  which  bodies  exhibit; 
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ihcare  are»  lastly^  some  in  which  the  light  is  aboorbedy  and 
is  lost  by  ntimarous  reflections  and  Fefractions. 

Ught  forms,  too»  a  more  intimate  union  with  bodies,  of 
which  there  appear  to  be  different  degrees.  By  some 
it  is  absorbed}  and  is  again  slowty  emitted  without  any 
sensible  change :  ip  others  it  occasions  alterations  of  ton- 
perature,  or  of  composition,  acting  as  an  important  che- 
mical power. 

The  property  which  has  been  named  Phosphorescence, 
i^ears  to  dqpend  on  the  first  of  these  kinds  of  combina- 
tions. There  are  a  number  of  substances  which,  when 
exposed  to  light,  appear  luminous  when  removed  from  it, 
i^id  continue  so  for  a  longer  or  shorter  time.  These  are 
named  Solar  Hiosphori,  and  the  luminous  appearance  in 
them  appears  to  arise  from  the  light  being  imbibed,  and 
again  slowly  emitted. 

This  property  is  conspicuous  in  a  number  of  natural 
substances,  particularly  in  earthy  minerals,  as  the  gems, 
marble,  heavy  spar,  fluor  spar,  and  others  \  and  also  in 
bodies  belonging  to  the  vegetaUe  Mki  anunal  kingdoms^ 
as  in  sugar,  paper,  the  shells  of  marine  animals,  &c.  So- 
lar phosphori  can  be  prepared  by  artificial  processes  still 
more  powerful.  The  Bolognian^  phosphorus,  in  which 
the  property  was  first  observed,  is  prepared  from  sulphate 
of  barytes  made  into  a  paste  with  mucilage,  and  calcined 
in  contact  with  ignited  charcoal.  Canton's  pho^horus, 
which  is  stm  more  powerful,  is  formed  from  calcined  oys- 
ter  sheUs,  mixed  with  sulphur,  and  exposed  to  the  heat  of 
ignition  in  a  crucible  for  an  hoiir. 
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Tliere  iff  muph  divera^  in  tfie  d^ee  of  plMaphoref* 
cence.  SoQie,  even  after  e3qM)9ure  to  solar  light,  shine  so 
feebly,  that  the  eye,  requijpes  to  be  rendered  senaiUe  by 
previous  dar]uiess  to  perceive  it  Others  are  ilhuoiooted 
by  the  mere  li^t  of  day  ;  and  some  beooipe  i^hosphore^* 
cent  wheEn  exposed  to  the  light  of  a  lasip.  Some  ar^ren* 
dered  luminodils  by  an  electrioal  discharge.  The  li|^ 
emitted  is  not  always  white  $  it  is  frequently  yettow  mt  redf 
and  Bom^  exhibit  the  prismatic  colours* 

Temperature  has  a  marked  effect  on  t^  fmi»Mon  of 
light  by  thesfs  bodies.  When  they  are  shining,  the  huBi^ 
nous  ^pearance  ceases  if  they  are  exposed  to  the  ooikl 
of  a  freezing  mixture.  It  becomes  more  vivid  by  applying 
heal;)  and  if  it  has  ceased,  it  may  be  renewed  by  i^fdying 
a  longer  heat,  so  thitt  a  piece  which  has  been  fiw  some 
time  quite  dark,  may  be  made  to  shine.  When  the  phos* 
phorescence,  however,  has  been  excited  by  heat,  it  ceases 
proportionally  sooner,  and  is  not  renewed,  but  by  espomt^ 
again  to  %ht. 

This  property  is  quite  independent  of  the  acticm  of  the 
air }  a  phosphorescent  substance  shining  clearly  when  in* 
closed  in  a  mass  of  glass. 

The  phenomena  of  solar  phosphorescence  ^pear  to 
lead  to  the  conclusion^  that  light  is  absorbed  by  the  phos« 
phorescent  body,  and  is  again  emitted,  this  emission  be- 
ing prcMuoted  by  the  repulsive,  agency  of  heat.  There  ia 
an  objection,  however,  to  this  in  the  &ct»  which  ajf^oears  te 
be  sufficiently  established,,  that,  in  exposing  the  jdioqathopi 
resccfht  body  to  a  particular  coloured  ray,  it  is  not  thia  co-. 
loured  light  it  emits,  but  merely  the  light  which  usually 
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]pMoeed.  from  Ui  one frUch  .hmmwitli  A^^dteU^  ooD. 
tilMiifltg  ta  4)0  to»  vbfilever  ivjr  of  the  spectnim  it  had 
bfeB  esqipeed  to ;  or  one  which  usuallf  eachibits  the  pra^ 
m^tic  eolotura  whim  rendered  luiainoitt*  ctill  doing  so  wfae- 
iher  itha9  been  wibimtted  to  white  light,  or  to  the  colour- 
ed li|^  of  any  individual  ray.  Theae  £u9to  are  sii^gidar, 
end  not  eaaOy  explainod  on  any  theoiy ;  but  it  is  not  im- 
possible that  oQe  species  of  coloured  light  may  be  cipaUe 
ef  being  conyerted  into  the  otbersy— «  supposition  which 
woridy  ia  some  measure,  reconcfle  than  with  the  obvious 
^faeeiry  (^  phosphorescence. 

A&etbnr  spedea  of  phoqih^Mrescence  is  that  exeited  by 
best,  independent  of  any  premus  exposure  to  light,  and 
incapable  of  being  renewed.  It  is  eidiibited  particularly 
by  flucv  spftr*  hy  several  of  the  gems,  and  by  a  number  of 
earthy  fossils,  the  himinous  appearanoe  being  move  or  less 
vivid  when  heat  is  applied.  The  light  emitted  b  often  £0* 
loured ;  that  from  fluor  spar  is  purple ;  in  some  die  lumi- 
nous  appearance  is  momentary,  in  others  it  cmttinues- 
longer  $  it  is  equally,  with  the  former,  independent  of  any 
action  c^the  air. 

Phosphorescence,  apparently  similar  to  this,  is  ezdted 
by  attrition )  two  pieces  of  quartz,  for  example,  ajqpearing 
luminous  in  the  dark  when  rubbed  against  each  otber^ 
and  olJber  fossib  shining  even  firom  very  slight  friction. 
From  some  the  light  is  colourless,  from  others  cokmred : 
its  production  is  independent  of  any  action  of  the  air,  as 
it  is  equally  bright  under  water;  it  is  not  acccmpanied 
with  any  signs  of  electrical  exdti^n.  The  attrition 
might  be  supposied  to  eaodte  the  light  by  the  heat  it  may 
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produce  $  but  the  very  slight  firictioii  that  is  often  sufficicMI; 
to  produce  the  luminous  appearance,  that,  fer  cxanyfey 
by  rubbing  a  feather  on  the  sur&cef  is  unfiivoniBble  to 
this  opmion :  there  are  fiMsils,  too,  rendered  phosphorefr* 
cent  by  friction  and  not  by  heat,  and  vke  tiersa ;  and  in 
thoae  whidi  are  phosphorescent  from  bolii  causes,  Ti  the 
luminous  appearance  has  been  excited  by  h^'at  until  it 
cease  to  appear,  it  may  be  produced  anew  by  attrition. 

A  kind  of  phoqkh<Hrescence,  different  from  any  of  the 
prece^fing  varieties,  is  that  exhibited  b]&  animal  matter* 
Marine  animals  are  remarkable  for  this  property ;  ahnost 
all  the  q)ecies  of  sea  fish  becoming  luminous  a&egr  ibey 
have  beai  removed  for  some  time  from  the  water,  and 
continuing  to  shine  for  some  days. ,  The  same  iqppearaiice 
has  been  occasionally  observed  from  the  flesh  of  quadm- 
peds.  It  does  not  appear  until^  the  animal  has  been  ibr 
siMue  time  deprived  of  li&,  but  it  is  always  apparent  be- 
fore there  are  any  signs,  of  putre&ction,  and  it. ceases 
when  that  process  is  fully  established. 

The  most  important  tact  with  rq^ard  -to  this  specif  of 
phosphorescence  is,  that  the  matter  having  the  luminous 
quality  can  be  extracted  in  a  state  of  solution.  ,  If  the 
substance  of  any  marine  animal  in  the  phosphorescent « 
state  be  macerated  in  a  saline  solution,  as  that  of  sea^^alt, 
or  indeed  any  other  neutral  salt  of  a,  certain  strength,  a 
lucid  ring  soon  appears  at  the  sur&ce  of  the  liquid,  and  the 
whole  becomes  luminous  when  agitated  $  this  continues  &r 
several  days,  becoming  gradually  more  &int'until  it  is  ex- 
tUiguifihed.  Fresh  water  is  incapable  of  extracting  this 
luminous  matter;  the  luminous  appearance  in  saltwater 
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is  extinguished  by  arid^,  alkalis^  ardent  spirit,  and  otiier 
substances.  A  certain  degree,  too>. of  saline  impregnation 
is  peceskuy  to  its  appearance ;  for  it  is  suspended  by  a  so-* 
lution  dther  too  dilute  or  too  concentrated,  being  revived 
in  this  case  when  the  proper  state  of  concentration  is  re- 
stored. 

'This  phosphorescence  is  augmented  by  agitation :  it  is 
impaired  and  even  extinguished  by  cold,  but  is  revived  by 
heat :  if  the  heat,  however,  be  too  high,  such  as  "dtat  of 
boiling  water,  it  is  irrecoverably  extinguished.  Exclusion 
from  the  atmosphere  prevents  its  appearance,  and  a  num-> 
)[>er  of  Sslastic  fluids  not  only  prevent  it  from  appearing, 
but  extinguish  it  when  it  has  been  produced.  It  is  not 
brighter,  however,  in  oxygen  gas  than  in  atmospheric  air ; 
ndther  is  it  accompanied  with  any  sensible  heat 

The  light  from  rotten  wood  appears  to  be  of  a  similar 
kind,  observing,  in  its  production  and  extinction,  very- 
nearly  the  same  relations. 

Light  is  emitted  from  certain  insects,  as  from  the  glow- 
wormj  or  the  hntem-fly :  the  light  is  variable,  being  at 
one  moment  brilliant,  at  another  faint.  The  luminous 
appearance  depends  on  a  peculiar  secretion,  and  may  even 
be  obtained  from  its  receptacle  by  compression ;  it  conti- 
nues  to  shine,  too,  for  some  time  after  the  death  of  the 
animal.  It  had  been  observed,  that  the  light  of  the  glow- 
worm becomes  more  vivid  when  it  is  placed  in  oxygen  gas, 
whiich  gave  rise  to  the  suspicion  of  its  being  produced  by 
the  chemical  action  of  oxygen.  The  gas,  however,  ap- 
pears to  act  rather  by  exciting  the  secretion,  for  the  oxy- 
gen is  not  impaired  in  purity  \  and  the  luminous  appear- 
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anee  u  obtained  when  the  animal  is  under  water.  Tkia 
^pedea  of  phosphorescencei  like  that  from  marine  animal 
matter,  is^extinguiflhed  by  hydrogen  gaa,  carbonic  add 
gas,  and  various  other  elastic  fluids,  reviving)  however,  oa 
the  admission  of  atmospheric  air. 

An  important  part  of  the  chemical  history  of  light  re>- 
lates  to  its  power  of  elevating  temperature.  -The  solar 
rays  are  the  great  source  of  natural  heat ;  and  when  con- 
centrated, exdte  a  very  intense  heat. 

Di&rent  kinds  of  matter  are  unequally  heated  by  soIimt 
light ;  throngfa  transparent  bodies  the  rays  passing  with 
little  interruption,  the  temperature  is  not  so  much  raised 
as  in  those  which  are  opaque,  and  those  which  are  white 
are  less  heated  than  those  of  a  darker  shade. 

A  still  more  important  &ct  connected  ivith  this  proper- 
ty is,  that  the  different  coloun^  rays  of  light  have  difl^ 
rent  heating  powers.  Hutton  observed,  that  the  red  rsy 
of  hgfat  has  more  heating  power  than  white  light  Rpchon 
fiyund  that  an  air  fhennometer,  exposed  successively  to  the 
action  of  the  different  oobured  rays,  separated  by  a  prism, 
rose  higher  as  it  was  moved  from  the  violet  to  the  red,  the 

i 

difference  in  the  two  extremes  being  nearly  8  to  1.  Her- 
sdhel  and  Englefield  have  demonstrated  the*  same  general 
fict,  $fk^  idiewn  the  rdative  heating  powers  of  the  coloured 
rays  with  more  predsion.  The  rise  of  a  ddicate  mercurial 
thermometer  pieced  in  the  focus  of  a  lens,  and  exposed  to 
the  coloured  rays  j>bta!ined  by  a  prism  successively,  is 
shewn  in  the  folbwi^g  table,  as  established  by  the  e^peri* 
ai^ts  of  Englefifild. 
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In  the  blue  ray  in  3'  from  ^t^  to  56^ 

.  In  the  green  ray  in  8  fix>m  54    to  58 

In  the  ydQow  n^y  in  d  firom  56    to  62 

In  the  full  red  ray  in  2-^  from  m    to  72 

Int  the  confines  of  the  red ,  2|.  from  58    to  7S4- 

Quite  out  of  visible  light      24^  from  61    to  79 

• 

From  the  last  number  in  the  table' it  wiH  be  perceived^ 
not  only  that  the  fact  is  prpved  of  the  diffisrent  coloured 
rays  having  different  heating  powers,  but  that  the  not  le^ 
important  result  is  estaUished,  that  there  exist  in  the  so- 
lar beam  invisible  rays  which  are  powerful  in  producing 
heat,  these  being  accumulated  b^tod  the  red  ray  when 
the  entire  beam  has  been  decomposed  by  the  prism,  and 
being,  of  tx>urse,  Ifss  refrangible  than  the  red  ray.    This, 
had  been  previously  shewn  by  the  experiments  of  Her- 
scikri.    Espooing  a  thermometer  to  the  difierent  rays  of 
die  prismi^  spectnim,  each  ray  being  allowed  to  pass 
successively  through  a  piece  of  pasteboard  widi  a  riit  in  it, 
so  as  to  ecclude  the  others,  he  found  not  onty  that  the 
heat  increased  progressivdy  from  the  vi^det  to  the  red  ray, 
but  that  when  the  aperture  in  the.  pasteboard  was  brought 
to  coincide  with  the  space  beyond  the  red  ray,  the  beat 
continued :  it  was  even  greater  at  the  distance  of  half  an 
inch  than  in  ^e  red  ray  itself,  and  is  here  at  its  maxi- 
mum; as  is  apparent^  also,  fit>m  the  numbers  in  Engle* 
field's  table :  at  the  distance  <^  an  inch,  the  rise  of  thf 
thermometer  amounted  to  5^^,  being  7  in  the  red  ray> 
and  .the  heating  power  was  semible  at  the  distance  even 
of  aii  inch  and  a  h^*     Beyond  the  violet  ray  thei«  is  n* 
sensible  heat. 
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Admitting  tlie  Bccoracy  of  these  escperimenu,  it  is  esta- 
blished, that  in  the  solar  rays,  there  are  iB¥]ttble  cakrific 
raygy^as  well  as  visible  rays  of  light.     Now  this  bei.  g  pvh 
vedf  the  hypothesis,  it  is  evident,  may  be  proposed  as 
not  improbable,  that  the  apparent  heating  power  cff  die 
visible  rays  of  light  is  not  a  proper^  bebnpng  to  tben, 
but  depends  on  the  presence  of  calorific  rays  associatod 
with  them.     The  entire  beam  of  visible  light  is  not  hooDO- 
geneous,  but  c<msists  of  rays,  which,  being  of  unequal  i«- 
frangibility,  are  arable  of  being  sqiarated,  forming,  wfaen 
thus  refracted,  the  visible  or  coloured  q>ectrum.     Bvt  the 
.  ealorific  matter  in  the  solar  beam^  it  is  equally  probsibfe 
d  priori  J  may  not  be  homogeneous,  but  like  light  may  oon- 
rist  of  rays  of  diflPerent  refirangibility.    If  so,  these  rays 
will  also  be  separated  by  the  prism,  and  an  invitiUe.  calo- 
rific spectrum  be  formed,  the  rays  composing  -wtiA  may 
difier  in  heating,  as  the  rays  of  hght  differ  in  iUumiifHiring 
power.    If  this  happen,  the  one  qpeetrum  will  be  in  sonia 
measure  blended  with  the  other,  and  dius  the  visible  mjps 
of  light  will  appear  to  have  different  d^ees  of  heatng 
power,  though  in  themselves  they  may  have  no  power 
whatever  to  produce  heat. 

Herschel  endeavoured  to  establish  this  oondnnon,  bf 
experiments  resting  on  the  following  assumption :  Taking 
the  illuminating  power  as  the  prc^)erty  characteristic  of  vi- 
siUe  light,  if  the  heating  power  of  any  ray  be  a  proper^ 
belonging  to  it,  and  not  depending  on  any  calorific  ray 
associated  with  it,  it  seems  obvious,  that  when  the  colour- 
ed ray  is  transmitted  through  a  certain  medium,  as,  for 
example,  through  glass,  its  iUnmiaati^  aodliefilJligpowen 
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niiiftt  be  diminidied  ecacdy  ia  the  same  proportion.  It  is 
not  to  be  espectedy  that  it  will  pass  through  without  a 
certain  dc^gree  of  interruption ;  but  it  may  be  presumedj 
and  appears  indeed  to  be  a  necessary  inference,  that  if 
both  pn^rties  depend  on  the  same  matter,  they  must  be 
diiiiinished  to  the^same  extent,  while,  if  the  illuminating 
•power  depends  on  one  kind  of  ray,  the  heating  power  on 
4MBWther,  it  is  possible^  a  prior i^  and  indeed  to  be  expected, 
.diat  these  will  be  unequally  intercepted^ .  and  of  course  the 
.powers  will  be  unequally  impaired, 

Tp  ascertain  the  £bm^  with  r^^d  to  thi^  a  very  exte&- 
'  sive  series  of  experiments  was  executed  by  Hersdiel,  and 
the  general  result  estaUished,  that  the  two  powers,  that  of 
.illumination,  and  that  of  heat»  are  veiy  unequally  impair- 
ed by  transmission  of  light,  either  entire^  or  in  the  state 
;of  the  difliereiit  ooloured  rays  through  tranq^arent  media, 
asdifiermt  liquids,  or  glass  of  difierent  colours*     In  some 
•^.heating  power. was  oonside^]^  more  impaired  thav 
.  the  illuminating  power,  and  in  others  the  reverse  was  the 


It  appears  to  follow,  therefore,  that  the  two  pr^qperties 
do  not  depend  on  the  same  agent :  the  illumination  depends 
,<m  rays  of  li^tf  the  heat  on  calorific  rays  $  and  in  any  co- 
Joured  ray  the  two  properties  appear^  merely  because  from 
the  carrespomience  in  the  order  of  refirangilHlity,  certain 
lof  the  calorific  rays  are  associated  with  certain  of  the  visi- 
ble rays  of  light*  Herschel  has  pointed  out  some  oth& 
discordant  results  in  comparing  these,  which  strengthen  the 
conclusion;  the  interruption,  for  example,  of  the  rays  of 
becoming  less^  as  the  experim^t  of  its  trphstmssiaa 
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18  continued  i  whik  tliis  does  not  happen  witb  jegju 
light :  and  the  effect  of  rou^  sor&ces  in  acat^erig^ 
lays  of  light  being  much  greater  than  it  is  on  the  raty 
heat. 

The  agenqr  of  light  in  producing  chemical  deconapt 
tion  still  remains  to  be  stated.    This  may,  in  a  great  .mi 
sore,  be  generalized  $  all  the  changes  of  this  notnue  pr 
duoed  by  its  action  arising  £rom  thesq^aration  of  thepri 
c%>Ie9  osygen,  from  states  of  combination.     And   as   ti 
element  enters  into  the  constitution  of  an  extensive  seri 
<flr  compounds^  a  number  of  substances  are  changed  b 
light  exerting  its  de-oxidating  poteer.     Thus,  several  c 
the  adds  are  decomposed*    If  nitric  acid^  which  is  ooJoor 
less^  be  exposed  to  the  rays  of  the  sun,  it  becomes  of  i 
yellow  colour,  and  oxygen  is  disengaged  from  it.     Qx^ 
muriatic  acid,  under  a  similar  exposure^  likewise  jieldi 
exygen,  either  the  oxygen  peculiar  to  it,  or  derived  £roni 
the  water.    A  numb^  of  compounds  of  metals  with  oxy- 
gen, either  alone,  or  in  combination  with  acids  fenmng 
metallic  salts,  undergo  a  similar  decomposition :  in  some 
of  them  this  is  partial  \  in  others  of  them,  as  in  the  salteof 
gold  or  silver,  it  is  complete,  so  that  the  metal  returns  t» 
ks  metallic  form.     Some  of  these  compounds  areextreme- 
ly  senaiUe  to  the  chemical  agency  of  light :  muriate  of  sil- 
Ter,  for  example,  is  darkened  in  its  colon):  by  the  m&pe 
light  of  day,  without  direct  exposure  to  the  rays  of  the 
sun.    The  changes  of  metallic  pigments  frclini  exposure^ 
appear  in  general  to  arise  from  this  action  of  light 

The  process  of  bleaching,  too,  appears  to  depend  chief- 
ly cm  the  chemical  power  of  light,  the  cotourii^  matter  of 
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^  iitti  ^^  vegetable  fibre  apparentljr  receiving  oxygen  fifom  the 
kkm'  -decomposition  by  light  of  the  waller  with  whieh  it  is  moiiri^ 
ened ;  and  the  new  method  of  bleaching  wfaidi  has  been 
substituted,  owes  ito  superiority  princqiaUy  to^xygen  being 
affi>rded  to  the  colouring  matter  in  a  more  condensed 
state. 

The  changes  which  growing  v^etid)les  suffer  underex- 
posure to  the  solar  light,  display  its  power  in  modifying, 
even  by  its  chemical  agency,  the  processes  of  animated  na- 
ture. If  light  is  excluded,  or  very  partially  supplied,  they 
are  in  general  feeble,  of  a  pale  colour,  and  do  not  afford 
their  proper  products  fuUy  formed  :  if  it  is  freely  adr 
xnitted,  they  soon  acquire  a  green  eidour  and  their  natural 
vigour :  the  plants  which  grow  under  a  dear  Ay  and  an 
^  intense  solar  light,  are  even  in  general  morearomatic,  and- 

^^'^f  afford  more  rich  and  elaborated  juices  than  those  tdiich 

^'^^  grow  under  the  opposite  circumatances.    With  these  re* 

^^'  suits  we  can  connect  the  usual  chemical  dbahge  from  die 

^  ^  action  of  light,  oxygen  being  exhaled  from  plants  vdiile 

;  kt  under  exposure  to  the  rays  of  the  sun.     Even  on  animals 

1^*^  L'ght  perhaps  exerts  its  chemical  power :  those  who  are  na- 

ttt'  tives  of  the  arctic  r^ons,  being,  like  vegetliUes  sednded 

s&f  from  hght,  usually  of  a  pale  or  white  colour,  while  those 

?Ji  who  inhabit  tropical  countries  are  marked  by  deep  or  bril- 

\0  lianthues. 

/?  It  might  foe  supposed  that  these  chemical  effects  depend 

m  not  on  any  peculiar  action  of  light,  but  arise  from  its  power  of 

exciting  heat ;  some  of  them,  at  least,  being  produced  by  an 
^  elevation  of  temperature.    An  experiment  of  Scheele's  ap- 

/  pears  to  set  aside  this  supposition  $  nitric  acid,  exposed  to 
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they  are  spread  to  a  certain  esctcsit  ever  the  qpace  ooen^ 
pied  by  the  prismatic  spectrum,  and  that,  as  the  calorifie 
efiect  of  the  visible  rays  does  not  belong  to  them,  but  to 
rays  of  caloric  intermixed  with  them,  so  the  chemical 
powers  of  these  rays  may  not  arise,  sbictty  speaking,  froBi 
the  action  of  light,  but  from  the  action  of  chemical  ray» 
Mended  with  the  others.  It  has  accor^^  \)een  affirm* 
#d,  that  Ritter,  by  transmitting  the  coloured  nkys  through 
different  prisms,  has  separated  them  from  the  chemical 
rays,  and  thus  produced  a  ccdoured  spectrum  without  any 
ehemical  power.  Another  interesting  experiment  per* 
formed  by  him,  is  that  of  combining  the  two  qiedes  of  in- 
visible  rays.  The  power  of  the  chemical  rays  appeared  to 
«  predominate  in  the  mixture,  and  the  experiment  is  an  im^ 
portantone,  as  proving,  that  from  the  union  of  these  invi- 
sible rays  no  species  ^visible  light  is  produced* 

From  the  relation  which  subsists  between  light  and  ci|* 
}oric,  it  has  sometimes  been  supposed  that  they  are  ulti- 
mately the  same,  or  are  modifications  of  one  matter,  li^t 
being  this  matter  in  a  state  of  rafnd  projectile  moti<»i,  and 
acting  as  caloric  when  it  becomes  quiescent.  Thou^  it 
may  be  difficult  to  oipkin  fiiHy  the  nature  of  that  i^la^ 
tion,  there  seems  to  be  fittle  reason  for  admitting  this  hy- 
pothesis. The  essential  prcjperties  of  l%ht,  uid  particu- 
larly its  chemical  agencies,  are  very  different  from  those  of 
ealorie,— -differences  which  the  hypediesb  does  not  expkin ; 
more  especialty  taking  into  consiileration  die  important 
&ct,  that  these  chemical  agencies  ore  exerted  most  power*' 
fully  by  those  rays  of  light  which  are  least  powerfrd  in  pro- 
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ducing  heat.  And,  on  the  other  hand,  there  is  no  proof 
of  the  assfunption»  that  caloric,  in  any  state  of  motion,  can 
assume  the  properties  of  light. 


CHAP.  III. 


t$ 


or  ELECTRICITY  AND  GALTANItM. 


The  ageht  on  which  the  phenomena'  of  electridty  de- 
pend, operates  as  a  chemical  power.  There  isx  every  rea- 
son too  to  eondude,  that  the  galvamc  ]|^rincq>le  is  merely 
electricity  under  a  peculiar  form,  and  in  this  form  its  che- 
mical iiction  is  still  more  powerful,  and  indeed  nearly  an-' 
limited.  The  operation  of  this  principle  cannot  be  ascrU 
bed  to  affinities  which  it  exerts,  considering  it  as  a^mate- 
rial  agent;  but  rather  to  its  action  as  a  general  force  coiof 
municating  repulsion  or  modifying  attraction.  It  is  there- 
fore property  classed  with  light  and  caloric,  and  with  these 
it  has,  besides,  very  intimate  relations,  being  arable,  under 
peculiar  arrimgan^its,  of  producing  the  utmost  intensity, 
both  of  heat  and  illumination. 

Though  electricity  and  galvanism  are  modifications  of 
the  same  power,  yet,  as  their  mode  of  excitation  is  differ- 
ent, and  the  dbemical  effects  obtained  fn»n  each  are  pe- 
culiar, they  require  to  be  considered  ^art* 
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Sect.  l,^^Of  Electricity, 


Certain  bodies  submitted  to  firiction  exhibit  the  phe- 
nomena denominated  Electrical.  A  dry  gkss  rod>  for 
example^  rubbed  with  a  piece  of  silk,  i¥i]l  give  sparks  of 
light  from  its  surface,  and  will  attract  light  bodies  and 
again  repel  th^n.  These  effects,  however,  are  not  obtain- 
ed from  the  friction  of  every  substance ;  a  metallic  rod^ 
for  example,  does  not  exhibit  them.  Hence  the  distinc- 
tion of  bodies  into  electric,  or  those  capable  of  being  ex- 
cited by  friction,  and  non-electric,  or  diose  which  are  in- 
capable of  this  electrical  exdtation* 

If,  when  an  electric  has  been  excited,  a  non-electric  be 
^f^lied  to  it,  the  signs  of  electricity  in  the  former  instant- 
ly cease,  while  this  does  not  happen  from  die  application 
of  a  non-electric  of  a  different  kind.  Hence  the  origin  g£ 
another  distinction,  that  of  Conductors,  and  Non-coikhio- 
tors  of  Electricity ;  the  former  affording  a  passage  to  the 
electrical  principle,  and  carrying  it  off  where  it  has  been  ac- 
cumulated, the  latt^  beingimpervious  to  it.  Electrics  are 
non-conductors ;  non-electrics  are  conductors ;  glass  resi- 
nous substances,  oils,  and  sulphur,  are  the  principal  sub- 
stances belonging  to  the  first  class ;  metals,  water,  and  a 
number  of  earthy  bodies  belong  to  the  other. 

If  an  electric,  while  excited,  be  supported  on  a  non-, 
conduetor^  the  electricity  it  gives  out  is  limited.  But  if  a 
communication  be  established  with  the  earth  by  the  me^ 
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dium  of  a  conductor^  this  conveys  electricity  as  long  as  the 
exciting  cause  is  applied.  If  a  conductor  insukted,  that 
is  placed  on  a  non-conductOT)  be  brought  nearly  in  con* 
tact  with  theexcitedjelectric,  it  receives  the  electricity  evol- 
ved, and  retains  it  in  an  accumulated  state.  On  these 
principles  the  electrical  apparatus  is  constructed;  this  con* 
aisting  of  a  glass  plate  or  cylinder  whidi  laevcJves  against 
a  cushion  suiq)orted  on  a  glass  piUar,  but  (Connected  with 
the  earth  by  a  metallic  chain  $  and  a  faurge  metallic  tube^ 
named  the  Prime  Conductor,  being  placed  insulated  be- 
fore the  plate  or  cylinder,  to  receive  from  it  the  electricity 
evolved  by  the  frictionl 

With  r^;ard  to  the  ex;citation  of  electricity,  a  very  im* 
portant  distincticm  still  remains  to  be  stated,  that  of  what 
has  been  named  Posithre  and  Negative  Electricity.  If  a 
^ass  rod  be  rubbed  with  an  woollen  cloth,  on  approach<r 
ing  to  it  a  light  body,  as  a  bit  of  cork,  the  cork  is  first  at* 
tracted^  and  then  repelled ;  but  if  a  rod  of  sulphur  be 
excited  by  friction  with  the  doth,  the  cork  in  the  state 
in  which  it  is  repelled  by  the  glass  is  attracted  by  the  suU 
phur,  and  it  is  repelled  by  the  sulphur  when  in  that  state 
in  which  it  is  attracted  by  the  glass.  If  a  pointed  conduc* 
tor,  as  a  needle,  be  presented  to  the  glass,  a  round  lucid 
)9oint  appeals  on  its  extremity  in  the  dark ;  but  if  presents* 
ed  to  the,  sulphur,  a  pencil  onrays  seem  to  issue  from  the 
ncedje.  And  if  two  bodies  in  these  different  electrical 
states  be  brought  into  contact,  the  electricity  in  the  one  ap- 
pears to  destroy  that  in  the  other,  and  the  electrical  phe- 
nomena cease.  These  two  electricities  being  first  obtain* 
ed,  the  one  from  glass,  the  other  from  resinous  bodies,  by 
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fiiction,  were  named  the  Vitreous  and  die  (lesiiioiiSy  and 
were  regarded  as  e&sentiaUy  difierent. 

It  was  disooyered,  however^  that  when  two  etectrics  are 
rubbed  against  each  other,  the  one  acqmres  ahrays  the 
otie  electricity^  the  other  the  other.  Tbua»  in  the  com- 
mon ekctitfcal  machine*  when  the  cushion  is  insulated,  on 
friction  being  made  it  exhibits  thfe  resinibos,  while  die-. 
gh»8  gives  the  ^eitreous  electricity.  And,  by  employing, 
ctifferent  substances  to  excite  friction,  or  I7  altering  the 
sur&ce,  the  same  electric  may  be  made  to  exhibit,  either 
electricity,  glass  the  resinous,  and  sulphur  or  sealing-wax 
the  vitreous.  Franklin,  from  these  facts,  was  led  to  ex- 
plain the  phenomeoa  on  a  more  simple  hypothesis, — that 
there  exists  only  one  agent  by  which  they  are  prodscedy 
a  fluid  higbly  elastic,  or  repulme  of  its  oira  particles,  hot 
attracting  and  attracted  by  the  particles  of  other  matter  ^ 
—that  in  all  bodies  a  portion  of  this  principle  ii  presciit, 
and  when  present,  in  the  proportion  natural  to  each»  diey 
exhibit  no  electrical  phenomena ;  but,  if  subjected  to  cer- 
tain operations,  as  friction,  the  equilibrium  isdistnibed^ 
and  the  body  acquires  more^  or  has  less,^  than  its  uatuiul 
proportion.  -  In  the  former  case  it  is  said  to  be  electrilied 
phiSf  and  presents  the  phenomena  ascribed  to  what  was 
cfdied  vitreous  electricity :  in  the  latter  it  is  said  to  be 
electrified  fnitmSf  wiiich  corresponds  with  the  state  of  resi^ 
nous  electricity ;  and  hence,  instead  of  dicse  terms,  the 
phrases  Positive  and  Negative  electricity  are  employed  in 
the  Fraiiklmian  theory.  This  hypothesis  accorded  with 
the  phenomena  of  electricity,  and  in  particular  gave  a 
happy  e!:q>lanation  of  the  discharge  of  the  Leyden  phiaL 
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Hence  eledricianfl  have  in  general  been  dimmed  to  pre&r 
it>  though  it  has  never  been  establisbed  by  any  rigoxooi 
mdence,  nor  has  the  of^xnite  hypothesis  been  di^ovcd» 
or  sfaevm  to  be  inconsistent  with  fiMSts.  The  principal  ad-t 
vantage  which  the  system. of  Franklm  can  chdrn^  is  its  sn-^ 
pmor  simplicity.  On  the  other  hand»  the  phenomoia  cf 
galvanism  prove  that  the  two  electricities,  whatever  may 
be  their  nature,  exert  different  chemical  agencies;  and 
henccf  whatever  theoiy  be  adopted,  it  luis  become  more 
necessary,  in  their  chemical  history,  to  distinguish  between 
ihem. 

Electricity  is  connected  both  with  li^t  and  caloric:^ 
In  its  passage  thnmi^  certain  media,  it  is  often  hi^ly  lu- 
minotts,  and  it  is  capable  of  exciting  intense  heat.  ^ 

Under  tbe  farm  <tf  what  is  naaned  the  Electrical  i^ark, 
it  produces  an  elevation  of  temperstnre  sufiSdent  to  kindle 
,  inflammable  bodies,  as  spirit  of  wine.  And  when  iSa^ 
charged  in  a  state  of  higher  intensity  from  a  co^ited  jar^ 
or  from  an  entire  battery,  a  much  more  intense  heat  is 
cs&cked,  so  as  to  melt  the  most  refractory  snbstancca.  Its 
power  of  increasing  tenq>6ratare  appears  in  put  to  de« 
pend  on  the  resistance  opposed  to  its  coi^vcyanee  tlirongh 
bodies.  Hence,  if  it  is  not  r^dly  accumulated,  no  scb^ 
4ible  heat  is  produced  $  as,  ibr  eaprnple,  when  the  bulb  ttf 
a  thermometer  is  placed  in  ah  insulated  metalhc  {ilate,  and 
electricity  iscomiminicated.  But,  if  the  bulb  be  placed 
in  a  less  perfect  conducting  medium,  the  tMiperaluve  is 
raised.  Or,  H  a  discharge  of  given  intensi^  from  an 
electrical  battery  be  transmitted  through  a  metaflic  wire 
of  considerable  thickness,  it  wiB  not  produce  much  heait 
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wUle,  if  transnutted  durot^  a  wire  of  die  same  metal  of 
ktt  diamefc^,  an  intaiae  heat  is  exdtecL 

The  fusibilities  of  different  bodieSf  of  the  diffirent  mi»- 
tak  for  example^  estimated  ^m  the  action  of  dectiidty 
on  them,  are  different  from  their  fusibilities,  estimated  from 
the  direct  communication  of  caloric,  no  doubt  from  the 
heat  excited  by  dectricity,  being  dependent  not  merely 
on  the  quantity  communicated,  but  on  this  modified. by 
y  their  relative  conducting  powers,  and  perhaps  on  their 

elasticities,  in  consequence  of  which  vibrations  are  more 
or  less  easily  established  among  their  particles. , 

Electricity,  from  its  power  of  exciting  heq|,  is  applied 
N  to  &your  chemical  combination :  it  afibrds  the  most  oOn- 
venient  mode  of  promoting  by  heat  the  combinatmn  of 
clastic  fluids.  The  apparatus  employed  is  a  strong  glass 
tube,  PL,  III.  Fig.  22.  closed  at  one  end,  the  sides  of 
which)  at  about  the  distance  of  two  inches  from  this  ex- 
tremity, are  perforated  with  smell  holes,  in  which  are  fixed 
by  cement  two  metallic  wires,  the  extremities  of  which 
within  the  tube  are  distant  one-fourth  of  an  inch.  Thia- 
instrument  bdng  filled  with. water  or  quicksilver,  and  in- 
verted, the  gases  intended  to  be  combined,  mixed  in  thj& 
due  proportion,  are  introduced,  so  as  to  depress  the  fluid 
an  inch  or  morebeneatl^the  wires.  The  electric  spark  is 
made  to  pass  from  the  one  wire  to  the  other,  by  connect- 
ing  one  of  them  with  the  conductor  of  the  common  elec- 
trical machine,  and  hanging  a  chain  on  the  other.  Or  it 
may  be  made  to  pass  from  a  wire  inserted  in  the  top  of 
the  tube,  to  the  fluid  confining  the  air  beneath,  as  repre* 
aented  Fig,  23.    In  the  mixture  of  some  gases,  a  single 
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fftak  is  8u£5cient  to  caase  the  comhinatioii  to  proceed  . 
through  the  whole  mixture,  the  temperature  being  ndfied 
by  it  8ii£Scient]]r.     In  other  cases,  a  stream  of  sparks  re-  ^ 
quires  to  be  transmitted  to  produce  the  comlHnadoxi  ta 
any  perceptible  extent. 

By  the  same  agency,  electricity  is  able  to  efiect  chemi* 

cal  decomposition.     If  the  sparic  is  taken  in  a  compound 

» 

gas,  it  separates  its  constituent  parts ;  if  an  interrupted , 
electrical  discharge  be  sent  through  water,  it  is  attended 
with  the  disengagement  of  a  small  quantity  of  elastic  flnid» 
which  is  a  mixture  of  the  two  gases  which  iarta  water. 
Some  soUds  are  decomposed  m  a  similar  manner. 

The  electric  fluid  is  intimately  connected  with  light,  and 
to  this  some  of  its  chejnical  effects  may  probably  be  attri* 
buted.  When  it  passes  through  the  air  from  one  conduo* 
tor  to  another,  it  exhibits- a  luminous  spark;  whendia^ 
charged  through  a  vacuum  the  most  perfect  the  air-pump 
can  produce,  it  presents  vivid  corruscatioiis  :  these  appear 
even,  though  more  faintly,  in  the  Torricellian  vacuum. 
In  transmission  through  any  fluid,  if  the  quantity  be  not 
large  proportioned  to  the  discharge,  it  is  rendered  lumi* 
nous ;  or  if  discharged  over  the  surface  <if  a  'solid,  a  bri}» 
liant  iQumination  is  produced.  This  electrical  %ht  is  he^ 
terogeneous,  or  consists  of  the  diffident  r^wagible  rays. 
Ptiestley  observed  these  by  a  prism ;  and  Morgan  has  re- 
marked that  the  electric  light  may  be  made  to  assume 
different  colours  according  to  the  medium  in  whjch  it  is 
taken ;  sometimes  the  more  refrangible  rays  being  sepa* 
rated,  sometimes  the  less. 
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The  chemical  agended  of  deetricity  are  as  yet  but  im- 
perfectly developed,  and  there  are  a  number    o£  fects 
which  prove  it  to  be  absorbed  or  evolved  in  chemical 
changes  where  its  influence  has  scarcely  been    traced. 
The  electrical  phenomena  exhibited  by  the  tourmalm  shew 
that  electricity  is  excited,  and  its  different  states  produced, 
in  some  cases  merely  by  variations  of  temperature.     Even 
its  excitation  in  the  electrical  machine  is  promoted  by  che- 
mical action,  as  on  this  appears,  in  a  considerable  mear 
sore,  to  depend  the  effect  of  the  amalgam  applied  to  the 
ruM)er,  the  power  of  which  is  greater  when  it  is  composed 
of  oxidable  metals  than  of  those  not  so  susceptible  of  oxi- 
dation.    The  experiments  of  Wilcke  and  ^pinus  shew 
that  in  iusion  and  congelation  the  different  electricities 
are  excited,  and  the  states  of  pku  and  m?tus  produced  in 
the  body  which  has  suffered  the  change  of  form,  and  the 
matter  with  which  it  has  been  in  contact  during  the 
change :  this  h^pens  too  in  the  finrmation  and  condens»» 
tion  of  vapour,  and  Volta  traced  it  in  different  cases  o£ 
chemical  action^    The  observation  of  sudi  &cts  becomes 
more  important  since  the  connection  of  electrici^  with 
galvanic  phenomena  has  been  established,  and  that  con- 
nection itself  more  clearly  demonstrates  the  importance  of 
electridty  as  a  chemical  power. 
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Sect.  ll.^-^Of  Gaivanism. 

Galvanism,  there  is  every  reason  to  believe,  is  the  same 
principle  as  electricity.    Its  effects,  however,  its  mode  oi' 
producticm,  and  the  laws  which  it  observes  in  its  action, 
are  so  far  dissimilar,  that  it  is  pn^r  to  consider  it  under 
a  separate  section.      Our  knowledge  of  this  ag^t.is  of 
recent  date.    Galvani,  an  Italian  physiologist,  observed 
the  first  striking  phenomenon  which  led  to  the  discovery 
of  the  principle  which  has  firom  him  derived  its  name. 
He  observed  it  only  in  its  power  of  a£fecting  the  animal 
system,  and  it  is  to  Vdla  that  we  are  principally  indebt- 
ed for  the  just  theory  of  its  production,  and  the  devdop- 
ment  of  its  chemical  powers.    It  had  been  discovered  by 
Galvani,  that  contractions  are  excited  in  the  irritable 
parts  of  animals,  when  a  ocMnmunication  is  established  \>y 
a  metallic  arc  between'  the  nerve  and  the  muscular  fibre  -, 
and  he  concluded,  that  this  is  owing  to  the  communica- 
tion  of  electrici^  genemted  by  the  animal  system.    Volta 
supposed,  that  the  electricity  producing  the  contraction, 
and  producing  likewise  sensations  in  sentient  organs,  is 
produced  not  from  the  living  system,  but  by  the  action 
exerted  between  the  metal  and  the  humid  animal  fibre, — ^a 
conclusion  which  he  soon  demonstrated,  by  the  discovery 
that  it  is  evolved  by  arrangements  wholly  unconnected 
with  any  process  of  vitality.     This  discovery  also  gave  a 
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method  of  augmendng  the  galvanic  energy^  enabled  us  to 
inyestigate  its  eflfects  with  more  predsion,  and  led  to  the 
discoyeiy  of  its  chemical  agency.  ' 

The  Voltaic  arrangement  consists  of  a  series  of  metallic 
plates  arranged  in  a  determinate  order,  with  the  interpo*- 
sition  of  certain  humid  condactors  of  ^ctricity.     The 
{Mie,  which  Voka  principal^  employed^  is  constructed  by 
commendng  with  a  plate  of  silver  or  copper :  on  this  is' 
placed  a  plate  of  another  metal,  as  zinc,  and  on  this  a 
piece  of  card  moistened  with  a  saline  solution :  this  series 
of  copper,  zinc,  and  moistened  card,  is  repeated,  preserving 
alwyas  the  same  order,  and  when  30  or  50  pieces  of  each 
have  been  accumulated,  terminating  with  a  plate  of  zinc 
at  the  top,  as  represented  Fig.  27.  PL  III.     Betweeneach 
pair  of  plates  a  certain  quantity  of  electricity  is  gen^ 
rated ;  in  the  whole  anTangement,  we  have  the  aocomu* 
lated  action;    and  the  effects  are  proportionally  greal;. 
^  The  extremities  of  the  series  are  in  different  ekctrical 
st&tes,  that  commencing  with  the  copper  being  n^ative^  . 
that  with  the  zinc  positive.     Another  arrai^ment  similar 
in  principle,  employed  by  Volta,  is  that  which  he  named 
Couronne  de  Tasses^  represented  Fig*  26.,  consisting  of  a 
series  of  cups,  in  each  of  which  are  placed  a  plate  of  zine» 
and  a  plate  of  silver  or  copper,  surrounded  with  a  solutioa 
of  salt ;  the  plate  of  silver  in  the  one  cup  being  connected 
with  that  of  zinc  in  the  other,  and  the  same  order  bdog  . 
preserved  as  in  the  construction  of  the  pile. 

An  apparatus,  still  the  same  in  principle,  was  invented 
by  Mr  Cruickshank,  the  Galvanic  Trough  as  it  is  named* 
which,  being  possessed  of  every  advantage,  i^  now  always 
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used.  It  consi^)  Fig.  28.  Plate  IIL  of  a  hollow  box:  tx 
tixiugh,  of  bard  wood,  in  the  sides  of  which  are  cut 
groovtes,  at  the  distance  from  each  other  of  finom  j.  to  f  of 
an  indiy  according  to  the  width  of  the  box.  Plates  of  two 
metab,  generally  of  copper  and  zinc,  from  3  to  6  or  8 
inches  square,  are  soldered  together,  and  this  soldered  or 
dooUe  plate  is  inserted  in  the  first  groove  of  the  box,  and 
fixed  in  it  by  a  cement  of  resin  and  wax,  so  well  applied 
that  no  liquid  can  pass,  through.  This  is  repeated,  fixing 
a  double  plate  in  each  groove,  and  taking  care  that  the 
older  in  wlndi  they  are  inserted  shall  not  be  reyersed,  but 
that  the  copper  side  shall  always  be  towards  one  hand,  the 
zinc  to  the  other.  The  ceOs  or  cavities  between  the 
grooves  are  designed  to  contain  the  fluid  by  which  the 
galvanism  is  excited,  or  serve  the  same  purpose  as  the 
moistened  cards  in  the  pile  of  Volta* 

The  metals  used  are  generally  zinc  and  copper,  and 
diese,  on  the  whole,  answer  best  The  number  of  plates 
and  their  surface  is  regulated  by  the  purpose  to  which 
the  trough  is  ta  be  applied.  Different  liquids  are  em- 
{doyed  to  fill  the  cavities  of  the  trough,  and  differ  much  iti 
power.  With  water  the  effect  is  inconsiderable ;  with  a 
solution  of  muriate  of  soda,  or  muriate  of  ammonia,  it 
is  greater ;  it  is  still  more  so,  though  it  ceases  sooner, 
with  muriatic  or  nitric  acid,  largely  diluted,  and>  for  dif- 
ferent  purposes,  liquids  of  peculiar  composition  and 
irtrengtfa  are  best  adapted,  as  is  immediately  to  be  stated. 

An  improvement  has  been  made  in  constructmg  the 
trough.  Instead  of  soldering  the  plates  together,  they  are 
kept  detached,  and,  are  connected  only  at  the  upper  edge^ 
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by  a  metallic  arc )  the  cdls  of  the  trough  are  farmed  hj 
partitions  dTglass,  or  the  entire  trough  with  its  partidaiia  k 
mode  of  earthen  ware.  The  plates  of  copper  and  adnc  are 
introdacedy  so  that  the  one  shall  be  on  one  side  of  the  par- 
tition, the  other  on  the  other,  the  connecting  arc  passing 
over  it,  and  a  {date  of  each  metal  beiiig  thns  placed  in 
each  cdl.  This  arrangement  has  the  advantage,  that  bodi 
surfaces  of  each  plate  being  acted  on,  a  greater  power  is 
'•btained,  while,  in  the  former  method  with  the  sohlered 
phites,*  one  side  of  eadi  was  lost. 

Though  arrangements,  such  as  have  now  been  de- 
acribed,  are  most  powerful,  there  are  others  productive  of 
galvanism  to  a  certain  extent  The  action  between  a 
atngie  metal  and  a  liquid  gives  signs  of  it,  extremely  feeble, 
and  displayed  therefore  only  in  the  most  delicate  test  of 
this  power,— the  contraction .  it  produces  in  living  irri- 
tdble  parts,  but  no  accumulating  series  of  this  kind  can  be 
formed*  If,  however,  the  metal  be  acted^  on  at  its  oppo^ 
$ke  sides  by  two  difiercnt  fluids,  a  galvanic  arrang^efit  is 
finmed,  the  power  of  which  increases  by  repetidcn.  Even 
dbarcoal,  in  .contact  with  one  of  its  surfiices  wilh  one 
fiqaid,  and  at  aaothcr  with  a  different  liijuid,  fixrms  a 
weak  galvanic  power;  and  pne,  still  weaker,  is  fimDed 
from  the  contact  of  different  kinds  of  animal  matter.  Me- 
tallic matter,  therefore,  is  not  essential  to  its  prodarriim. 

The  properties  of  galvanism  remain  to  be  stated.  It 
passes  through  those  substances  which  conduct  electricity, 
though  with  less  focility.  Metals  conduct  it  rapidly,  but 
there  arc  other  substances  whid)  admit  of  the  passage  of 
doctridty,  which  at  least  partiattjr  insulate  gakanisn ;  «ch 
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is  water,  or  dry  aaimal  manbrane.     Olaas  ia  a  perfect 
nmifKXMidttctor. 

Its  effects  on  iiring  animal  matter  are  simikr  to  those 
of  dectricity.  It  excites  contractions  in  irritable  parts, 
and  sensations  in  sentient  organs,  more  or  less  consider- 
able,  according  to  its  intensity. 

In  its  transition  from  one  conductor  to  another,  espe- 
cially when  the  conductor  is  an  imperfect  one,  it  produces 
intense  light,  as,  for  example,  in  bringing  into  contacY  the 
wires  from  each  extremity  of  the  battery,  or  pieces  dT 
charcoal  or  fdumbago  in  communication  with  each  wire. 
This  light  iqppears  to  be  the  result  of  the  accumulation  of 
the  galvanism,  and  not  6f  any  combustion,  for  little  of  the 
charcoal  is  consumed,  and  it  can  be  made  to  appear 
under  water  and  other  liquids. 

Galvanism  is  the  source  of  intense  heat.  If  a  veiry  fine 
metallic  wire  be  stretched  between  metallic  rods,  connects 
ed  with  each  extremity  of  the  galvanic  battery,  its  tem- 
p^ature  is  raised,  and  if  the  distance  be  not  too  great,  to 
such  an  extent  as  to  mc^t  even  the  most  refractory  of  the 
metals.  Fine  metallic  leaves,  suspended  from  the  one  rod, 
are  made  to  burn  when  touched  with  a  metallic  plate  in 
communication  with  the  other.  From,  this  arrangement, 
even  gold  and  silver  enter  into  vivid  combustion,  and  tha 
least  fiisible  of  the  earths  have  been  meked. 

The  most  important  chemical  property  of  this  power  is 
that  of  producing  decomposition.  Very  soon  after  the  in- 
vention of  the  Voltaic  battery,  it  waa  observed  by  Messrs 
Nicholson  and  CarsUsle,  that  when  wires,  connected  with 
ihe  two  extr^ooitiea  of  the  battery,  ax^  pt^ped  in  a  portion 
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ofwater,  a  stMamofguaruesfioneach  wir^an  tpfMtr-^ 
ance  which  they  found  owing  to  the '  decompoBrian  of  th« 
wBtor.     Tfe  fluhfect  was  immediate^  pvoaeciit)ed»  and  a. 
iivmber  of  chemical  eompoimds  were  found  to  be  deeom-^ 
poted  in  a  idmilar  manaer.     Still  moi>e.  latcfy»  Mr  Davy» 
led  by  the  knowledge  of  the  law  which  r^dbtes  these  de- 
«onqx)8itkiD^  «id  canpkying  gahranic  afrangemente  q£ 
.great  ptmer^  has  auooeeded  indiMcn^ering  the  corapoatkm 
of  a  number  of  substtfioesy  the  nature  of  wbMk  was  be- 
fore unknown  Co  us,— ^^Useoveries  which  have  materially 
ahanged  the  aspoci  of  the  science,  and  to  the  prosecotiim. 
af  which  scarcely  any  Kmits  can  at  present  be  assigardy 
fiir  our  power  of  increasing  the  gakanic  foi^  i^ipears  to 
be  nearfy  unlimited,  and  with  this  its  caieigy,  in  coualer* 
acting  chemical  attraction,  appears  pragresaively  to  in^ 


The  deoompositioiis  produced  by  galTaousm  consiflt  iii^ 
the  separation  of  the  dements  of  a  ioompound  from  tlieir 
state  of  ccr^faination,  by  die  attaraclson  uniting  them  beui^ 
suspended  by  the  gahranic  feroe.  But  it  was  not  very  ob»* 
nous  how  lliis  effect  is  produced^  and  a  difiiculty  likewise 
presented  itself  with  regard  to  them,  from  the  very  aingi^ 
lar  fact,  that  the  dements  el  the  decomposed  aomponnd 
»e  not  CToIred  together,  but  the  one  a^Bpeais  at  the 
wire  connected  with  die  one  extremity  of  die  gdvanic 
battery,  and  the  odber  at  the  wire  connected  with  the 
odier  extremity.  To  acoowit  fer  this,  diSarent  hypodie^ 
ses  were  proposed,  not  very  sadsfiurtoiy^  at  length  Hesns. 
Hisinger  and  Berzelius,  fixan  a  nuidxr  of  experiments,, 
drew  the  general  cflndaaLon,  that  faf  attpaetnre  fittues 
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cmrted  al  thtt  gahwuc  poles^  eertatn  elflnmit  are  bvougbi 
to  the  po«itive  <iide»  wd  odi£r&  to  the  aegatm  side  of 
the  galvanic  aeiiee;  o«3?gea  aad  aeid»  bttng  attracted  to 
the  fermier  ^  inflfuauriahfesy  metab,  attudb  and  earthe  being 
attracted  to  the  latter.  Hence  the  deeooipoaiilioa  of  cam* 
poiuid»>  consisting  of  w^taiu^  belonging  to  these  oppo- 
site classes^  and  the  distinct  evohttioD  of  their  elcnents. 

This  law  has  been  more  claarfy  developed  by  Mff 
Davy's  researches.  The  transfier  of  the  elements  of  the  de* 
joomposed  eo«ipnm>d  to  a  di8la]iee>  and  thvov^  ii«ler« 
posed  nsattef)  has  been  accurately  tniced»  and  a  iMMabet 
of  interesting  facts  irith  regard  to  it  -established*    The  a|>» 
paralus  he  eioptoyed  consisted  generafly  c^  two  Tessels  of 
g)as99  or»  as  lessUableto  be  acted  oni,  of  agate»  or  oigM^ 
connected  by  a  few  fitures  of  the  mineral  substance  named 
asbestos,  moistened  with  water  (Fig.  24.  PI.  III.)  The  so» 
Iirtion  of  a  conipound  substance,  of  a  sail  ism  ^cample, 
oranposedof  an  acid  andaja^  9ikaU»  wasput  into  each  vessel 
thus  connected,  and  they  were  snljiected  to  the  actiM  c^ 
the  galvanic  aiqparatus^  a  wire  from  the  positive  qide  beisig 
,^   i,nflerted  in  the  one,  A,  and  a  wire  from  the  n^ga^e  »de 
in  the  other,  B.   In  a  shoirt  time,  when  a  suftoesit.  pow<v 
is  eqqployed,  the  principles  of  the  sak  are  si^arated>  thu 
acid  is  coUeeCed  in  the  one  vessel;  and  the  alhali  in  tht 
other.    If  the  solution  of  a  salt  were  placed  in  one  vessel 
and  distiUed  water  in  the  other,  either  the  acid,  or  th# 
b«se  of  the  salt,  va^t  be  transferred  through  the  commit* 
nicating  substance  to.  the  distjHed  water,  according  as  the 
solution  was  connected  with  the  positive  or  the  negative 
tide  of  the  gaivanic.  troii§^ :  if  with  the  poiitive  aide>  thf 
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acid  remained,  and  the  base  was  conveyed  to  the  itaterp 
if  with  the  negative  side,  the  reverse  was  the  result  Ii* 
this  way,  even  metals  could  be  transferred,  as  silver  firoan 
nitrate  of  silver,  or  insoluble  earths,  as  magnesia,  from 
sulphate  of  magnesia. 

When  the  vesseb  themselves  were  composed  of  substuv* 
ces  susceptible  of  decomposition,  such  as  earthy  com- 
pounds, sulphate*  of  lime  and  others,  the  same  8eparatx>n 
of  elements  was  effected,  though,  from  the  stat^  of  cohe- 
sion,  more  slowly.  Even  glass  was  feund  liaUe  to  thu  de- 
composition.  And  such  is  the  force  of  this  agent,  that*  the 
most  minute  portion  of  a  substance  attracted  by  either  of 
the  wires  is  collected  around  it,--*-a  circumstdnce  wfaidi 
has  freqiiently  been  the  source  of  deception  in  galvanic 
experiments,  with  regard  to  the  apparent  formation  of  new 
products. 

So  completely  is  the  matter  conveyed  by  the  galvanic  in- 
fluence protected  by  it,  that  it  may  be  transmitted  through 
a  substance  to  which  it  has  a  chemical  aflinity ,  without  bcsng 
retained ;  as,  for  example,  if  a  third  vessel  be  interposed  be- 
tween the  two,  and  connected  with  them  in  a  similar  manner 
by  moistened  asbestos ;  if  an  acid  liquor  be  placed  in  it,  an 
alkali  may  be  conveyed  through  this  without  intermption, 
and  be  collected  round  the  n^ative  wire ;  or  vice  versa^  if 
an  alkaline  solution  be  put  into  the  intermediate  vessel,  an 
add  may  be  conveyed  through  it,  and  ccdected  at  the 
poisitive  wire.  If  a  strong  force  of  cohesion,  however,  in- 
terfere, die  substance  is  intercepted :  thus,  sulphuric  acid 
is  not  transmitted  through  solutions  of  barytes  or  stron- 
tites,  nor  these  earths  through  sulphuric  add.    The  che- 
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.Hucftl  affinities  of  the  conveyed  substance  ard  suspended  fay 
4the  galvanic  influence ;  an  acid,  for  example,  not  redden^ 
ing  a  T^etaUe  colour  in  its  progress,  but  only  where  it  is 
collected  around  the  po^ve  wire ;.  and  an  alkali,  in  like 
nanner^  exerting  its  (^emical  acfciooL  only  at  the  negative , 
side. 

These  decompositi(»is  appear  to  be  always  complete,  ot 
4fae  law  of  chemical  affinity  so  often  observed,  that  an  in- 
gveditfit  of  a  compound^  when  sq)urated  from  a  combina-r 

*    tion,  retains  a  portion  <^  the  ingredient  with  which  it  had 
been  combined,  is  counteracted ;  the  transferred  substance, 
Mr  Davy  found,  facing  p^ectly.pure» 
.    By  these  researches,  then,  the  general  law  is  establish-* 
ed,  that  certain  substances,  oxygen  and  acids,  are^  attract- 
ed by  positively  electrified  metallic  sur&ces,  and  repelled 
by  simlbr  sur&ces  n^galivety  electrified  i  while  inflamm»> 
ble  bodies,  metals,  metalfic  oxides,  alkalis  and  earths,  are 
attracted  by  negatively  electrified  metallic  surfaces,  and  ro^ 
peDed  by  those  which  axein  a  positive  state*  Hence  the  phe- 
nomena of  the  decomposition  dfbodies  by  galvanism,  one  of 
the  dements  of:a^compound  bring  forcibly  aJlracted  to  the 
'  one  galvanic  pole,  the  other  to  the  other,  while  each  is  at 
th^  same  tiaie  rqpelled  firom  that  sid#  to  which  the  other 
is  'attracted.     And  diese  attractipns  and  r^Milsions  are 
exerted  at.  considerable  .dist^no^,  prpduping  therefore  th^ 
trans&r  of  the  bodies  acted,  cm-thifeiigh  any.^edium  kv 
which  they  are.  capable  of  being  diffiised-  *  Mr  Davy  has 
supposed,  thfit  the  poskiive  ekctric$l  state  ipay  ke  commu- 
nicated at  the  one  pole  to.&e  one  eletoefeit»  ^nd*  the  neg»r 
•tive  electrical  state  to  the  other  at  the  opposite  pole :  thi^< 
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lUte  may  bd  coBmnmicated  4o  die  psrtklfiB  of  emdt 
throi^  the  whde  colmnn  inteiposed  between  die  tw 
poks,  and,  in  conformity  to  the  law,  diat  bodies  tamiiaiiy 
dectrified  repel  each  other,  while  tboK  in  opposite  electric 
oal  states  attrsact,  tl>e  pturticles  of  the  body  in  ^te  one  stete 
will  be  attracted  to  one  pole,  and  repelled  from  the  other  i 
a  chain  <ir  series  of  particles  wiM  dms  be  esCabMshedy 
moving  in  this  direction,  whiles  for*  the  same  reason,  the 
^articks  of  the  other  element  wiU  mote  in  the  opposite 
dii^ecticm,  and  die  motion  of  oach  wtl  contimie  until  die 
whole  is  collected  around  that  pole  to  which  it  is  afitraol- 
ed.     Or,  perhaps,  what  is  equa%  {^c4>abie,  the  particles 
receiTii^  tlie  xJiarge^at  each  pole,  instead  of  communi- 
cating part  of  the  charge  to  its  contiguous  paiticles,  m^ 
be  «t  once  repeSed  from  dis(t  side,  and  attracted  to  the 
other,     in  atmosphetic  air,  we  know  that  bodies,  render* 
ed  positively  or  negatively  electrieal,  are  attracted  and  te* 
pdlled  at  considerate  distances.     From  the  low  stttte  6( 
intensity  in  which  dectricii^  exists  in  galvanic  ffimmge* 
mcsits,  water  is. a  medium  with  r^ard  to  it  very  nearly  as 
atmospheric  air  is  to  electricity  evolved  in  the  common 
electricai  apparatus,  and  it  may  thei>ei<Mre  aBow  electric 
attractions  and  reptdsions  to  opevate  in  a  siasttir  maiin^. 
Mr  Davy  has  suggested  the  hypothesis,  that  even  die* 
micid  affinity  its^  may  be  a  modification  of  electrical 
enei^.     Bodies  in  the  ssnie  eleiitrieal  states  repel  each 
Mher ;  but  when  m  opposite  electrical  states,  they  mutnafly 
attract.    It  is  conceivable,  ihet  some  kinds  of  matter  may 
be  naturaOy  positively  electrioal, '  others  n^ativ^  electri- 
csl ;  and  if  snch  .bo<fies  are  pire^ented  to  each  other,  thdr 
particles  wiU  be  disposed  to  unite,  and  these  dififerent  dec- 


trical  matfp!»  being  prtMUt  perh«pB  in  ^SSateskt  degrees^ 
HMj  pre  riae  to  diffeFent  fcroes  of  attraction. '  Tbe  phe* 
nomeaa  of  galvanism  undcnibtedly  establish  the  inqxurtant 
influence  of  eketnoa  en^rgjr  on  chemiod  affinity. 

In  the  produotion  of  the  different  ^effects  aridng  from 
the  operation  fH  galvaiiiiniy  a  different  law  ia  observed 
with  Jregard  to  eaebi  in  relation  to  the  Btructure  of  the 
gabraaic  apparatua.  %  increasing  the  number  of  plates 
in  a  batterjy  its  power  is  enlarged,  and*  by  having  these 
plates  of  a  large  siae,  it  is  likewise  obvious  that  the  quan- 
•tity  of  power  geoeraled  must  be  greater.  But  the  fact, 
rather  singular)  has  been  established,  that  an  increase  ill 
the  number  of  plates,  witnout  a  proportional  increase  in 
•their  extent  of  surface,  does  not  equally  augment  all  the 
^fleets  from  galvanism,  a  different  law  bdng  followed 
in  the  {)ower  of  elevating  temperature,  of  exciting  sensa* 
ticooa  in  die  organs  of  animals,  and  of  produdi^  chemical 
decompoaition. 

Tins  is  apparent  from  a  very  simfde  fact.  If  a  £sw 
large  metallic  plates,  of  a  large  surface^  as  12  or  15  square 
inches,  be  employed  as  a  galvanic  battery,  it  will  be 
powerful  in  producing  lig^t  and  heat,  and  will  therefore 
iBumitiate  charcoal  vividfy^  cor  eause  metallic  leaves,  placed 
^in  the^  circuit,  to  bum  with  great  brilliancy.  But  it  wfll 
diqday  httJe  power  of  ekctrical  attraction  and  repolsian, 
and  act  iiseUy  cm  inlpeffiect  conductors  in  producii^  de- 
compcHitiani  If  th^  aaoie  plates  be  cut  down,  each  beinlg 
ditidfd  kklo  Ibujr,  and  a  buttery  be  costetmcted  with  these, 
though  theife  is,  on  the  whole,  the  same  quantity  of  sur- 
face, yet  the  relation  c^this  to  yepetition  or  number  being 
^dngedy  the  effects  are  different ;.  it  has  litde  power  in  bom-* 
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ing  tbe  metallic  leaves ;  while  it  exhibits  more  evidoitly  ibp 
different  electrical  states,  it  excites  more  forcibly  senwt* 
tions  or  contractions  in  aliimal  organs,  and  is  much  more 
powerful  in  giving  rise  to  chemical  decomposition. 

This  has  been  in  particular  investigated  by  Ritter»  and 
he,  from  a  very  extensive  series  of  experiments,  has  en- 
deavoured to  establish  the  relation  between  number  and 
surfiEice  in  the  metallic  plates  in  a  galvanic  battery,  adapts 
ed  to  the  production  of  each  of  the  effects  obtained  fitxa 
galvanism.  That  of  exciting  soisaticms  and  contractions 
in  animals,  he  found  to  be  principally  depend^it  on  num-  . 
ber ;  that  of  producing  combustion  is  principally  depen- 
dent on  extent  of  surface  \  that  of  producing  chemical  de> 
composition  is,  in  its  relation  to  sur&ce  and  number,  inter- 
mediate  between  these.  But  with  regard  to  all  of  them, 
a  certain  relation  exists,  or  a  certain  proportion  between 
number  and  sur£su^  gives  the  maximum,  and,  increasing 
either  indefinitely,  according  to  Ritter,  diminishes  the 
power.  If  the  due  proportion  be  observed,  ,the  galvanic 
energy  displayed  in  all  these  effects  may  probaUy  be  in- 
definitely increased. 

The  theory  of  these  differences  probaUy  is,  tlmt  a  p^ 
culiar  state  of  intensity  of  galvanism  i«  required  for  the 
proauction  of  each  of  these  ejects.  Thf  quantity  of  eleo 
tricity  generated  in  the  apparatus  will  be  proportional  to 
the  surface  acted  on,  but  its  state  of  intensily  is  produced 
by  its  accumulation,  and  will  therefore  be  regulated  by  the 
quantity  of  imperfect  conducting  compared  with  perfect 
.  conducting  matter  in  the  arrangement  The  liquid  in- 
terposed betwe^i  the  metallic  plates  is  the  least  per- 
fect conducting  matter:  the  repetition,  therefore,  of  the 
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metallic  pktesy  die  afafiolute  surfiiee  remaining  the  saikie, 
fenoa  an  amungenMsit  in  which,  the  > imperfect  con« 
duedflg  matter  is  most  abundant,  in  which  there  ii 
ihe  greatest  rettst^ce  to  the  evohitkn  of  the  electric 
jforoet  and  in  which  thef^efoie  itm-  wSL  acquire  the 
highest  state  of  intensity.  Now,  a  considerd^Ie  intensity 
is  requisite  to  enable  the  electrieity  to  penetrate  the  ani« 
mal  manhrane,  whkh  it  must  do  to  ezdte  sensations  or 
contractioQS)  this  membfane^beiBg.  an  imperfect  conduc- 
tor: at  a  lower  iiMlensity»  it  will  penetrate  liquids,  and  act 
in  decomposing  them ;  and  metals  are  condactors  'so  per- 
fect, that  inthe  lowest  state  of  intensity  it  will  penetrate 
theaof  and  phxhice  •  effects  preportional  to  its  quantity* 
Henoe  the.tsause^of  the  peculiar  relations  of  number  and 
sur&ce  to  these  different  eflfects  Vfinch  hare  been  proved 
to  «aust ;  the  eattent  of  surface  giving  quantity,  and  the  re* 
petition  ,of  surface  in  the  series  or  number  increasing  the 
intensity. 

In  omlbrmity  to  the  difference  of  power  thus  required 
to  produce  these  diffi»rent  effects,  it  has«been  found  that 
different  liquiiis  are  adapted  to  each.  To  excite  that  ef- 
fect by  which  intasse  heat  and  light  are  excited,  measured 
•by  the  length  of  metallic  wire  which  is  melted,  nitric  add, 
diluted  with  from  20  to  30  pacts  of  water,  is  most  powers 
ful  $  sulphuric  acid  diluted  »  inferior  in  power,  and  the 
action  of  both  in  producing  excitation  is  soon  eshmjoud^ 
For  producing  chemical  deoomposition,  muriatic  acid  is 
better  adapted,  and  it  has  the  farther  advantage  of  its 
power  continuing  kmger ;  eight  ounces  may  be  added  t# 
a  gallon  of  water,  or  a  smaller  quantity  to  «  solution  of 
sea-salt. 
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It  renuins  to  ooomii&r  the  theory  of  GUTaaittD.  T¥bel 
if  its  nature  i  And  how  10  it  produced  bjr  gahnnic  at^ 
rangementf  F 

Theie  can  remain  Htde^  if  any  doabt,  that  GUvaaiim  it 
Electricity.     Not  only  are  they  similar  in  their  geaeral 
properties^  and  in  the  kws  they  observe,  but  their  idend^ 
has  been  more  strict^  estahtlAed.    If  tm>  metaDic  plstca 
be  apphed  to  each  other^  aa  arrangeaaent  which  we  know 
to  be  prodHctire  of  gahanism^  they  are  jband  to  pass  lato 
different  electrical  states,  the  one  beoottiing  positiTe»  and 
the  other  negative.    The  two  extremities  o£  a  galnmic 
botteiy  ore  likewise  in  these  iqiposite'statesy  that  connect- 
ed mth  the  more  oxidaUe  metal,  the  ainc^  in  theooBsaioa 
arrangement  being  positive,  and  thsK  with  the  other  ffl»- 
tal  negadve*     These  states  can  even  be  commanicated  t# 
other  bodies }  a  weak  electrical  charge  being  given  to  acaat^ 
ed  jar,  and  even  to  an  entire  battery,  by  communication 
with  a  galvanic  trough,  the  charge  being  communicated 
with  great  velocky,  and  very  nearly  to  the  same  intensity 
as  that  of  the  electrical  force  in  the  trough  itselE     And 
the  dectricity  thus  communicated  gives  precisely  the  same 
sensation  or  shock  as  electrictly  in  its  usual  ibrm :  all  the 
other  electrical  phenomena  too»  such  as  thp  passage  from  one 
condttctor  to  another  at  a  sensible  distance,  the  discharge 
through  an  imperfect  vacuum,  and  the  attractions  and  re- 
fMikiosis  of  light  bodies,  have  been  obtained  ttom  the  aa* 
tion  of  a  very  powerful  galvanic  battery. 

The  differences  which  have  been  obscsrved  between  eko- 
4ricity  and  galvanism  are*  prindpaliy  that  the  galvanic 
faifinence  does  not  so  easily  penetrate  imperfect  conductors 


in  tile  Mtiofey  dMMMii)  water  and  other  Kqidds,  and  that 
tto  chemical  BCtkmiA  tnttifli  more  energetic,  compared  witli 
ito  electrictd  ener^>  thoti  in  ^actsicky  ev^l^ed  by  friction, 
^e  eauBe  df  these  diflbretioes  appears  to  be,  that  galtan- 
ism,  considering  it  as  electricily>  is  in  a  Jowetate  of  tension. 
'Iliat  it  eliottld  be  in  this  state,  appears  to  foUow  froiiv  the 
nature  of  tlie  arrangcftnent  by  which  it  is  generated,  w4iidi» 
€onBBist]iig  <^a  eeries  of  ccmdoctiHv,  it  is  little  aodumHlated« 
bttt  is  carried  off  as  rapidly  as  it  is  prodnoed,  while,  from 
the  nattnne  <tf  die  electricid apparatus,  which  conristBof  iels 
petfect  conducting  matter,  this  does  not  happen  $  it  ie  ^» 
itolvod  less  TBfUfy,  atid  accumulates  to  a  k^^^ier  itatk  of 
intensity.  Thsft  galvanism  doeacKist  in  thb  state  of  km 
iMtenBity,  appear*  from  the  qiark.  irom  a  gidvanic  battery 
being  so  «maB»  and  unabk  to  oinercome  the  resistance  ef 
the  air,  if  the  potiAs  of  the  oonduotfaig  wires  be  ata  vbpj 
amidl  distance.  And  its  rapid  evohition  in  this  state  $^ 
pears  from  this,  that  a  charge  of  low  intensi^  can  beoom- 
municeted  from  the  pile  to  a  connected  seiies  of  coated  jafs 
of  very  extensive  surface  by  a  sin^  contact,  while  t»  gife 
a  similar  charge  from  a  very  powerfal  -electfical  machine 
would  recjoire  repeated  contacts.  It  is  £|itber  fimnii^  that 
when  arrangements  are  formed  ^Hvidi  produce  a  stresim 
of  electricity  in  constant  evolution,  its  eflfects  kte  petfec% 
toiler  to  those  of  galvanism;  Woilaston,  by  whom  llie 
experiment  ^as  first  made,  having  «hewn,  that  from  vwf 
ihie  silver  wires  coated  with  wax,  and'omnected  wMi  an 
eteetrical  machine  in  action,  effects  were  obtained  in  de*- 
cdmposing  diemieal  compounds  simihlr  to  those  which 
they  would  have  produced  if  connected  with  a  galvanic 


952  OF  GALVANISM. 

balteiy  ;  and  Davy,  en^loying  a  sunikr  arrangetteal, 
has  even  demonatrated  that  the  principles  of  the  de- 
composed sttbatanoe  are  conveyed  to  a  distance,  and  o^ 
lected  around  the  positive  and  negative  wires,  as  they  are 
by  galvMiism  in  its  usual  form- 
On  tbe  hypothecs  that  electridly  and  galvanism  are  the 
,safD(^  it  remains  to  be  determined  by  what  cause  it  is  e- 
volved,  and  put  in  motion  in  the  galvanic  arritngemeptfc 
Two  explanatioos  have  been  given  of  this  suligect,  one  on- 
.{finally  proposed  by  Voka,  the  other  originating  with  the 
British  chemists. 

'  Voita's  hypothesis  rests  on  a  &ct,  which  he  proves  by  ex- 
.periuient,  that  *^  if  two  dififelrent  metals,  perfectly  diy,  in- 
sulated, and  having  only  their  natural  quantity  of  ekctci- 
city,  be  brought  into  contact,  on  removing  them  from  that 
contact,  they  are  in  different  electrical  states ;  the  one  is 
positive,  the  other  negative."  In  the  eotample.of  the  me- 
tals now  generally  used  in  galvanic  arrax^gements,  the  ziac 
is  in  the  former  state  or  pluSi  the  copper  in  the  latter  <Hr 
mmttt.  .  The  differaice  is  not  very  oonsideraUe-j  it  is  per- 
ceptible, however,  and,  when  accumulated  in  an  electric 
Mudisnser  by  repeated  application  of  the  plates,  becomes 
sufficiently  strong  to  cause  the  electrometer  to  diverge.  £- 
lectiiciiy,  therefore,  is  developed  by  the  mere  cpntact  of  dif- 
iinrent  metals,  independciit  -of  any  foreign  action  on  th^u ; 
.or  ouje  metal,  by  its  contact  with  another,  forces  part  of 
its  electricity  into  that  other,  and  this  inequality  of  distri- 
bution continues  while  they  are  in  contact,  and  no  con- 
ductor is  iqpplied  to  them.    Qn  this  principle  the  actionjqf 
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tbe  usual  gahranic  arrangements  is  explained  in  the  folio w-^ ' 
i&g  manner. 

If  a  series  of  metallic  plates  were  constructed,  without 
any  intermediate  substance,  no  accumulation  of  power 
would  be  obtained.    The  copper  j  for  example,  commen- 
cing this  series,  and  in  contact  with  a  plate  of  zinc  above 
it,  would  yield  to  it  part  of  its  electricity,  and  the  sine 
would  become  positively  charged^     But  if  another  plate  o{ 
copper  were  placed  above  the  zinc,  this  action  would  be  in- 
terrupted ;  the  zinc  being  in  contact  tit  each  of  its  surfaces 
with  the  two  plates  of  copper,  two  equal  forces  would  act 
in  opposite  directions,  and  destroy  or  counterbalance  eadi 
other.     The  difference  in  the  electrical  state,  therefore,  of 
a  series  thus  formed,  would  not  be  greater  in  the  whde> 
than  in  a  single  pair  of  the  plates,  and  would  even  amount 
to  nodnng  if  the  atrrang^nent  began  and  ended  with  the 
same  melaL  But  if  a  piece  of  moist  card  or  doth  be  placed 
between  the  plates,  that  is,  between  the  zinc  plate  and  the 
second  copper  phte,  the  effect  of  the  latter  on  the  former 
is  interrupted  :  the  Uquid  in  the  card  havii^  comparative- 
ly with  the  metal  little  of  this  peculiar  electro-^notive  power, 
orp]\>perty  of  breaking  by  contact  the  equilibrium  of  eleo* 
Cricity,  does  not  check  the  motion,  but  acting  as  a  con- 
ductor, oonv^  the  positive  electricity  from  the  zinc  to 
the  next  copper  plate ;  and  accordingly,  on  this  addition 
of  the  moistened  card,  Volta  finds,  by  experiment,  tliat 
signs  of  electricity  are  manifested.     By  continuing  tbe  se- 
ries the  power  is  always  increasing,  the  action  is  renewed 
at  each  pair  of  plates,  the  electricity  communicated  is  a)- 
v^ys  given  at  the  expence  of  the  pieces  beneath  i  theH( 
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therefore  become  negatively  charged  ij3  ^^proffemna  or- 
der downwards ;  the  others  become  positively  chargied  iB  ^ 
iimihr.  order  upwards :  the  two  jdatai  in  Uie.middle  of  the 
column  are  in  the  natural  slate  i  and  ai  hij^^y  neigptiveas 
the  copper  e(»nmaicin|r  the  series  i^,  as  hi^^ypcatitre  i» 
the  xinc  plate  which  terminates  it,  the  diftrence  beii^ 
greats  aocording  to  the  number  of  pl$teai    The  difibreiic 
powers  of  the  difier^t  metak  in  a£R)rdifig  galvanismj  Vol- 
t^  a«<9ribea  to  the  dlfib*ent  degreea  in  which  they  poaaess 
this  electro^moving  powar^  or  to  the  ^eel  of  breaking  the 
electric  eqQilil»ium>  being  greater  in  some  than  in  othesrvy 
zinc  taking  dectricity  from  every  other,  and  gok)  yielding 
k  to  the  rest-    The  powers  of  di^erent  liquids  in,  expttijig 
galvanisms^  be  supposes  owing  to  their  ^realer  conduiedjig 
power,  modified  as  they  have  les4  of  the  ekctrcKmetiv^ 
quality  i  and  be  shews  by  e^qperiment,  that  saline  iMioors, 
which  are  superior  to  water  in  exciting  galvanism^  are  su- 
perior in  conducting  power.    The  action  which  puts  the 
electrical  energy  in  motion,  though  greatest  between  tha 
metals,  is  not  peculiar  to  them  i  it  exists,  though  to  a'teis 
degree,  in  other  substances,  and  hence  a  galvanic  series  can 
be  constructed  without  metalUe  mattet*.    And  were  we 
polsessed  of  any  solid  substance  c^[>aUe  of  conducting  dbr» 
tricjity  without  having  the  electro-motive  property,  wse 
might  by  means  of  it  construct  a  galvanic  batt^  without 
the  iuterv^tion  of  any  liquid. 

The  hypothesis  cmposed  to  this,  conaida's  the  eaccitatian 
nf  galvanism  as  the  consequence,  not  of  the  action  of  the 
jpetals  on  each  pther,  but  of  the  chemical  action  of  the  li» 
quids  employed  in  the  construction  of  the  galvanic  serias 
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mn  the  meCakeompofling  it.  The  foOowmg  is  the  mode 
ia  whidi  its  evolution^  and  the  determinttion  of  its  motion 
ore  explained  on  this  hjqpothesis.  The  conunendsg  8eri» 
k  co|)per»  zi»c»  and  liquid  eidber  a  sa&ne  sohition  or  a 
diluted  acid ;  a  ehemicai  actioii  is  ex«i»d  betvreen  this  li- 
<{(iid>  and  the  contigisoiis  soirfaoe  of  zino>  and  in  conse*- 
quence  of  it  the  electricity  is  evolved,  or  passes  from  the 
substance  of  the  dne  to  the  surface  acted  on ;  die  plate, 

r 

therefore^  becomes  negativey*^a  state  which  is  oommuni- 
•ated  to  the  eopper  on  kfi  opposite  side*  The  electrical 
cunrent  is  thus  determined)  or  it  passes  from  the  zinc 

# 

through  the  liquid ;  it  is  brought  to  tlie  next  plate :  were 
this  zinc,  ft  chemical  action  wouM  be  exerted  between  it 
and  the  fluid,  and  a  current  in  an  opposite  direction,  hy 
wltteh  caeh  we«U  be  neutralized,  would  be  fiirmed>  but 
being  ef  ospfer,  and  the  chemical  action  being  always  on 
Ae  more  oxidsUe  metal^  the  copper  merely  conducts  the 
dectricity  to  t&e  next  plate  of  sine ;  at  the  olher  tur&ce 
of  this  zittc  plate^  a  fi^sh  portion  of  deeCricity  is  added  to 
Aecurrent,  by  the  chemical  action  which  is  thefe  exerted  ^ 
this  b  repeated  at  each  of  these  {dates ;  tlie  quantity  of 
electi icity  is  increased  as  the  current  proceeds;  and  hence 
thcvlast  2inc  plate  of  the  battery  must  be  in  a  positive 
state,,  wliik  the  other  extremity  is  negative. 

Tbere  is  some  diflieulty  in  deciding  on  the  mmts  ef 
these  faypodheses,  though  timt  of  Vetea  is  on  the  whole 
st^rior  to  the  other.  It  has  the  impo/tant  advantage  of 
restii^  en  a  principle  whieh  is  suffldently  established,  that 
two  metals  by  mere  contact  alter  their  electrical  states^ . 
And,  from  this  principle,  combined  wtth  the  &ct,  which 
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appears  aho  to  be  proved,  that  the  interposed  liqnkk  have 
little  of  this  electro-motive  power,  while  they  are  oondoc- 
ton  of  electricity,  it  appears  to  follow  that  from  sudi  an 
anraDgement  aa  that  whidi  conatitates  the  galvanic  appa- 
ratus, a  stream  of  electricity  must  be  put  in  motion^  and 
the  two  extremities  t>f  the  series  must  be  in  the  opposite 
electrical  states. 

The  principal  difficult  which  attends  it,  and  which  a£- 
ferds  some  ground  for  the  opposite  hypothesis  to  rest  on, 
is  that  the  power  of  the  interposed  liquids,  in  exciting 
galvanism,  does  not  appear  to  be  pioportio|uil  merely  to 
their  superior  conducting  power,  but  to  be  connected  with 
the  chfmifial  action  thqr  exert ;  those  being  most  power- 
ful in  exciting  it  which  act  chemically  with  greatest  ener- 
gy, and  the  excitation  in  a  great  measnre  oeaong  whea 
that  action  ceases.  Yet  this  diffimhy  is  peAups  conn- 
tcrbalanoed  by  the  opposite  foot,  equally  estabiUied, 
that  the  power  of  certain  liquids  in  exciting  galva- 
nism is  more  than  proporticMial  to  their  diemical  action ; 
alkaline  sdhitbns,  for  example,  or  solutions  of  sea  salt  or 
sal-ammoniac,  affi>rding,  next  to  diluted  acids,  the  liquids 
best  adapted  to  excite  galvanic,  though  they  do  not  exert 
any  great  chemical  energy;  and  in  comparing  them 
with  these  acids,  their  exciting  power  is  imqaestion- 
ably  much  greater  than  their  diemical  action.  If  <Aoni- 
cal  changes,  therefore,  at  all  operate  in  the  production  of 
galvanic  electridty,  it  is  probably  only  as  a  subcndinate 
cause,  modifying  the  more  impcHtant  one  firom  die  electro- 
motive power. 
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PART  II. 


OF  THE  CHEMICAL  PROPERTIES  AND  COMBINA- 
TIONS  OF  INDIVIDUAL  SUBSTANCES. 


npiHE  Science  of  Chemistry  divides  itadf  .into  two  great 
.-^  dqNurtiiieiit8,«-4he  one  including  its  general  prind- 
plea,  or  the  statement  o£  the  pheQomena.and  laws  of  tlioae 
ffftooB  from  the  pperation  of  which  chemical  changes  arise  ; 
the  other  comprising  what  rdotes  to'  the  operation  of  these 
fi>rcc8  on  individual  substances,  embracing^  therefore  the 
'history  of  the  combinations  of  matter,  and  the  oheimcal 
agencies  of  all  known  bodies. 

I  hav^  given  the  outUne  of  the  method9^  according  to 
which  substances  may  be  classed,  in  conformi^  to  their 
chendcal  relations*  The  table,  of  the  arrati^ement  I  have 
framed  is  prefiaced  to  the  first  part  of  this  ^hune,  and  it 
is  unnecessary  to  repeat  tbi.  observations  with  which  it  is 
accompanied.  Hie  first  place  is  giv^  to  Atmoqfiheric 
Air  and  its  £3ements,  as  there  are  no  substancesi  the  che- 
mical actions  of  winch  are  more  important  and  extensive, 
and  none  therefore  with  which  it  is  more  necessary  to  b^ 
acquainted,  in  proceeding  to  the  details  of  the  science. 

Vol.  L  R 
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BOOK   L 


OF  ATUOSraEAIC  AIR  AND  ITS  £L£lf£KTS. 


The  atiBOipbere  1.  that  m^  <^  el»tk  ftud  which  ». 
rounds  the  g^obe.  This  aSrial  ftiid  was  regankd  as 
an  elonent  in  the  system  of  ancient  phiksofAy ;  and  onef 
0f  the  most  briBiant  diseoTeries  of  modem  dittiniUfy  i^ 
)1M  ef  its  eomposition,  ifarst  desrly  demonstrated  hy 
Sdieefe.  H  oenaistt  of  two  aeriform  bodtesr  oxygn  g>B» 
ttd  nitrogen  gas(  with  which  are  mixed*  a  smali  poitHm 
t/t  Mother  efaetie  fluid,  cmlHmic  add,  proiiably  origiBat- 
lug  from  aeddnital  soonces,  and  watery  vaponr  iuTariaUe 
{yropoitions  derived  obviously  from  the  eni|ioratiDn  of 
water  at  the  sttrfece  of  the  earth.  The  two  latter  sob^ 
stanees  are  therdbre  scarcely  regarded  as  essentiai  to  its 
ecmstittition. 

Hie  eonqsosilioii  of  atnuMpherie  air  is  demonirtratod 
both  by  anidysis  and  syndiesiB.  The  analysis  is  perfann* 
ed  by  submitting,  it  to  the  aoticm  of  sidbstances  whicli 
oombine  eamly  Witli  oxygen,  and  reduce  it  from  the  aeriid 
ScMHf  sudi  aft  idioq>honis,  cff  the  compound  liquor  fo/m- 
a  by  boiling  salf^liur  widi  lime  and  waiter :  a  diminution 
of  volume,  amounting  to  about  a  fifth  part,  is  produced, 
and  the  remaining  air  is  wholly  dianged  in  its  propertie&f 


s 


AhtD  1TB  JEJLEltEKTS.  359 


being  inoipable  of  sustaining  oombastioB  or  animal  li& 
It  is  nitrogen  gas  j  and  the  oxygen  with  which  it  was 
united  is  found  to  be  combined  with  the  sttbstanoe  fajr  the 
action  of  which  the  change  has  been  effected.  The  syn* 
thetic  experiment  consists  merdy  in  mixing  oxygen  and 
nitrogen  gases  in  the  due  proportions,  about  21  of  thefor'^ 
mer  with  79  of  the  latter  by  measure,  when  an  elastic 
fluid  is  formed  perfectly  similar  to  atmospheric  air.  To 
be  eiud^led  to  explain  the  chemical  agaictes  of  tlie  com* 
pound»  it  is  necessary,  first,  to  describe  the  properties  of 
its  constituent  parts. 


■.-^i*t»0mm»m 


CHAR  I. 


OF  OXYGEN  GAS. 


Tbis  elastic  fluid  was  discovered  nearly  about  tlie 
same  time  by  Scheele,  Priestley,  and  Lavoisier.  It  re^ 
ceived  the  appellations  of  Fire  Air,  Dephlogisticated  Air, 
Pure  Air,  and  Vital  Air,— terms  supersckled  by  the  name 
of  Oxygen,  derivfed  from  a  chemical  property  eminently 
characteristic  of  it,  that  of  giving  sourness  or  acidity  to 
the  compounds  in  which  it  predominates.  Oxygen  de- 
notes its  gravitating  matter  or  base ;  Oxygen  Gas  is  the 
name  given  to  it  in  its  elastic  form. 

This  aeriform  fluid  is  extensively  dHfused.     It  not  only^ 
exists  as  a  constituent  principle  of  the  atmospheres,  but  it 
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is  abo  the  princqMd  component  part  of  water ;  it  exists  in 
aD  adds,  and  is  found  in  -numerous  forms  of  oombinaticm 
in  mineral  substances,  and  in  the  products  of  the  v^eta- 
ble  and  animal  systems. 

It  is  from  some  of  its  compounds  that  it  is  obtained  in- 
sulated. That  which  afibrds  it  most  readily  is  the  minerBl 
substance  known  by  the  name  of  Black  Manganese.  Utis 
consists  of  a  peculiar  metal,  manganese,  united  with  oxy- 
gen. If  exposed  to  a  full  red  heat,  a  lai^  portion  of  the 
oxygen  is  espelled  in  the  aerial  form  ;  the  elevated  tem- 
pen^ure  weakening  the  affinity  between  the  metal  and  the 
oxygen,  and  allowing  the  latter  to  esci^  frcHn  the  com- 
bination, untilQ  the  increase  thus  produced  in  the  rda^ . 
tive  quantity  of  the  manganese  to  the  oxygen  that  re- 
mains, adds  so  much  to  the  force  of  its  attraction,  that 
the  &rther  decomposition  is  prevented.  The  expulsion 
of  the  oxygen  from  the  black  oxide  of  manganese  is  nrach 
fodlitated  by  the  introduction  of  ^another  affinity,  so  that  if 
mixed  with  its  own  weight  of  sulphuric  add,  a  large  quan- 
tity of  oxygen  gas  b  disengaged  from.the  mixture  by  the 
heat  of  a  lamp :  the  add  &vouring  its  esciq>e,  by  the  at- 
traction which  it  exerts  to  the  manganese,  in  a  low  state 
of  oxidation.  Other  metallic  oxides,  as  the  red  oxide  of 
mercuxy,  or  the  red  oxide  of  lead,  a£hrd  a  portion  of 
oigrgen  by  similar  processes ;  a  large  quantity  is  obtained 
when  nitre  is  decomposed  by  heat  in  an  earthen  retort  i. 
another  salt,  the  oxymuriate  of  potash,  affords  it,  whoi 
exposed  to  a  red  heat,  and  in  a  state  num!  pure  than 
that  in  whadi  we  obtain  it  by  other  methods. 

Oxygen  gas  is  coburiess,  and  destitute  of  flndlortaste; 
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it  18  rather  heavier  than  atmospheric  air;  being  about 
1 127,  the  latter  being  1000. 

This  gas  is  absorbed  by  water,  but  in  very  sparing 
quantity  $  100.  cubic  inches  of  .water,  freed  from  air  by 
boiling,  absorbing  not  more  than  3.55  cubic  inches,  under 
a  common  atmospheric  pressure,  and  at  the  te^iqperature 
of60^  By  increasing  pressure,  a  larger  quantity  is  absorb- 
ed, proportional  to  the  pressure  applied ;  and,  under  a 
great  pressure,  water  may  be  made  to  take  up  about  hajf 
its  bulk  of  th6  gas,  acquiring,  however,  from  this  impr^*- 
nation,  no  taste  or  smell. 

The  most  characteristic  property  of  oxygen  gas  is  its 
power  of  exciting  and  supporting  combustion.  When  an 
inflammable  body  is  kindled  and  introduced  into  it,  the 
combustion  is  rapid  and  vivid ;  the  combustible  body  bums 
longer,  and  i^  more  quickly  consumed,  and  much  more 
heat  and  light  are  evolved,  than  when  it  bums  in  atmos- 
pheric air ;  and  even  bodies  which  do  not.sufier  combus- 
tion, when  raised  to  a  red  heat  in  atmospheric  air,  as 
iron,  burn  rapidly  when  they  are  at  this  tempe.«ture  im- 
mersed  in  oxygen  gas.  Strictly  speaking,  it  is  the  only 
gas.  that  supports  combustion,  atmospheric  air  and  others 
doing  so  only  from  the  oxygen  they  contain.  During  the 
burning,  the  oxygen  is  consumed,  or  is  absorbed  by  the 
buming*body  j  and  hence  a  given  quantity  of  it  can  sup- 
port the  process  only  for  a  limited  time*  The  result  of 
the  combustion  is  frequently  the  production  of  a  sub- 
stalnce  having  acid  properties ;  and  from  this,  oxygen  has 
been  regarded  as  the  principle  of  acidify. 

Oxygen  gas  is  ^Iso  distinguished  by  its  power  of  sup- 
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porting  animal  life.  If  an  animal  be  coined  in  a  given 
quantity  of  it,  it  lives  a  longer  time  than  it  would  do 
in  the  some  volume  of  atmo^hcric  air.  A  qoantity  dis- 
appearsy  or  is  consumed  during  respiration,  and  is.  indis- 
pen^aUe  to  the  continuance  of  life  \  and  atmospheric  air,- 
or  any  gas,  sustains  life,  only  from  the  oxygen  it  contains 
and  is  capable  of  affording  to  the  blood.  Pure  oxygen, 
however,  does  not  uppear  to  be  weD  adapted  to  animal  ex- 
istence. If  an  animal  be  confined  in  a  given  quantity  of 
it,  its  respiration  become^s  hurried  and  laborious  before 
the  whole  of  the  oxygen  is  consumed,  and  it  di^  even 
though  so  much  oxygen  is  still  present,  that  another  ani- 
mal of  the  same  species,  introduced  into  the  residual  air, 
wiU  live.  Hence  the  adaptation  to  animal  life  of  an  at- 
mosphere such  as  ours  is,  in  which  oxygen  is  diluted  with 
another  air,  which  appears  to  be  nearly  negative  in  its  ef- 
fects. 

Oxygen  has  a  tendency  to  combination,  more  extensive 
perhaps  than  any  other  chemical  agent  has.  It  is  neces- 
sary to  support  combustion,  and  during  that  process  it 
combihes  with  the  combustible  body.  The  products  are 
compounds  of  oxygen,  and  are  numerous  and  important 
agents  in  chemistry.  The  acids  are  of  this  kind,  and 
their  activity  is  principally  dependent  on  their  oxygen, 
which  they  yield  readily  to  other  bodies,  and  which,  by 
the  dense  state  in  which  it  exists,  is  often  ccqpablc  of  ex- 
erting powerful  affinities.  All  the  metals  are  capable  of 
combining  with  this  principle.  And  it  exists  in  an  im- 
mense number  of  natural  substances.  It  is  unquestion- 
ably more  abundant  in  nature,  and  more  extensively  dif- 
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fiued  thtn  any  simple  botfy.:  its  aSntdes  sie  inore 
uiuneroiii  sad  moire  energetic  ^  the.  development  of  ka 
agoicies  fonned  the  principdl  part  of  what  has  been  named 
the  modem  thepry  of  chemistry,  and  still  afibrds  the  most 
^fflpo|tai^relaAioi^spf  the  sdi^ce.  -     -      ^ 
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CHAP.  II. 


OF  NITHOGXy  GAS. 


This  elastic  fluid  remains  after  the  removal  (»f  ozygm 
from  atmospheric  air,  by  the  processes  whidi  have  been 
described.  It  is  most  easily  procured  by  burning  phofr» 
phorus  in  atmo^herip  air,  or  exposing  this  air  to  the  li* 
quor,  formed  by  boiling  su^hur  and  lime  with  water :  in 
either  case  the  oxygen  gas  is  abstracted,  and  the  residual 
nitrogen  gas  is  agitated  with  water  to  render  it  pure. 
Nitrogen  is  also  disengajged  fh>pi  animal  substances,  acted 
on  by  diluted  nitric  aci(}«  It  has  be^  known  by  varioiis 
iqppelliUioDs,  as  Comiipted  Air,  Mephitic  Air,  Pblpgisti- 
cated  Air.  |t  received  the  name  of  Aiote  or  Aaptic  GaSf 
frcmi  being,  in  o[^sition  to  oxygen,  incipable  oi  sustain* 
ing  animal  life  by  respiration.  Tlie  more  correct  deno* 
raination  of  Nitrogen  is  given  to  it,  from  being  die  base  of 
an  oihder  of  compounds  wl^ch  have  been  long  knoiim  by 
the  name  of  Nitrous. 
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Nitnigen  gas  is  pennanendy  ekatic,  invisible,  insqnd^ 
and  inodorous.  It  is  lighter  than  atmospberk  air^  its 
ffieciec  gravity  bdhg  to  that  of  the  latter  as  966  to 
1000.  ^ 

This  gas>  possessing  no  veiy  striking  property,  is  prin*. 
'oq>ally  characterized  by  certain  negative  qualities  in  its 
pure  form,  and  by  the  nature  of  the  compounds  it  fcnmis. 
Thus  it  is  incapable  of  su{^rting  combustion.  It  is  equal- 
ly incapable  of  supporting  animal  life  by  respiration.  It 
is  not  inflammable ;  for  although  it  combinei^withoj^gen, 
a  process^generally  attended  with  the  ph^iomena  of  oom^ 
bustion,  nitrogen  presents  the  anomaly  of  ezhibitiiig  none 
of  the  appearances  of  burning  during  this  combination ;  it 
neither  sensibly  evolves  heat  nor  light.  Lastly,  nitrogen 
gas  is  notparceptiUy  absorbed  by  water  $  it  suffors  no  ap- 
parent diminution  of  volume  wh^i  exposed  to  it  IG  how- 
ever, tl^  water  has  been  previously  freed  from  all  air  by 
boiling,  and  the  nitrogen  gas  be  eiqiosed  to  it  lor  some 
liours,  a  very  small  ^piantity,  1.47  cubic  inch,  is  absorbed 
by  100  cubic  inches  of  the  water. 

.  Nitrogen  exhibits  mpre  distinctive  diameters  in  the 
combinations  into  which  it  enters.  It  unites  with  oxygea 
in  diffisrait  prc^rtions,  and  forms  compounds  possessed 
of  very  peculiar  chemical  properties.  It  unites  too  with 
hydrogen.  And  it  i^  a  chief  ingredient  in  the  produotsof 
the  animal  system,  and  af^pears  to  give  their  most  distiur 
guishing  chemical  chariurter^. 

Opinions  have  often  varied  with  regard  to  the  natureof 
nitrogen,  and  certain  &cts  were  observed  which  rendered 
the  investigation  of  this  difficult     Priestley  stated  many 
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experiments  in  which  nitrogen  gas  appeared  to  be  procu- 
red from  water  by  peculiar  processes.  Thus,  in  distilling 
wat^  from  an  earthen  retort,  or  in  passing  it  through  an 
earthen  tube  at  a  red  heat,  an  elastic  fluid  was  always  ob- 
tained)  consisting  chiefly  of  nitrogen.  In  the. freezing 
of  water,  a  portiim  of  elastic  fluid  is  disengaged,  which 
Priestley  found  also  to  be  nitrogen ;  and  the  production  of 
this  appeared  to  him  to  be  unlimited.  A  given  portion  of 
water,  which  hiad  been  previously  fre^  as  much  as  pos* 
sible  from  any  air  it  mi^t  hold  dissolved,  being  made 
to  fre^e  in  a  tube,  gave  out  air  i  and  when  this  was  remo- 
ved, and  the  water  melted  without  exposing  it  to  the  at- 
mosphere, still}  on  freezing  it,  there  was  the  disengagement 
of  nitrogen  gas.  Girtanner  gave  an  extensive  series  of 
experiments,  afibrcBng  similar  results  with  regard  to  the 
production  of  nitrogen  in  converting  water  into  vapour. 
He  concluded  from  them,  that  nitrogen  is,  hke  water,  a 
compound  of  oxygcoi  and  hydrogen,  containing  a  smaller 
proportion  of  oxygen  than  water  does ;  atmospheric  air, 
therefore,  he  supposed  to  be  a  compound  of  oxygen  and 
hydrogen ;  ipd  the  nitrogen  gas  obtained  from  it  by  the 
usual  methods  he  supposed  to  be  fon^ed  by  a  portion  of 
the  oa^gen  being  abstracted,  and  the  remaining  quantity 
entering  into  combination  with  the  hydrogen.  Priestley 
had  drawn  different  conclusions.  Water  he  regarded  as 
probably  a  simple  body,  ana  the  basis  of  all  elastic  fluids, 
appearing  under  the  form  of  nitrogen,  hydrogen  and  o- 
diers,  by  modifications  pro4uced  on  it  by  the  operation  of 
more  subtle  principles  which  we  are  not  able  to  ascertaiq 
byweight.  -  , 
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CHAP.  in. 


OF  ATM081»H£BIC  AIR. 


For  the  diecovery  of  the  composition  of  ^txnospharic 
air»  chemistry  is  indebted  to  Scheele.  The  followiog  is  the 
experiment  from  which  he  inferred  it :  Having  put  into  a 
bottle,  capable  of  containing  24*  ounce  measures,  four  oun^ 
ces  of  a  liquor  prepared  by  boiling  a  solution  of  potash  an 
sulphur,  and  having  closed  the  bottle  accurately,  and  in- 
verted it' in  water,  he  allowed  it  to  remain  in  this  situation 
for  two  weeks.     At  the  end  of  that  time,  he  opened  the 
bottle  under  water,  when  a  portion  of  water  immediately 
rushed  in,  shewing  that  part  of  the  air  included  with  the 
liquor  had  been  absorbed,  or  lost  its  elastic  form  :  the 
quantity  which  had  disippeared  amounted  to  six  parts 
nearly  of  the  original  twenty*     The  remaining  air  was 
changed  in  its  qualities,  was  lighter  than  atmospheric  air, 
and  incapable  of  supporting  combustion. 

Scheele  had  previously  discovered  the  existence  and  pro- 
^perties  of  oxygen  gas,  and  by  this  discoveiy  he  was  ena- 
bled to  explain  the  nature  of  the  changes  which  the  ataoo- 
spheric  air  had  undeigone.  Since  it  was  diminished  in 
volume,  it  was  obvious  that  a  portion, of  elastic  fluid  had 
been  abstracted  from  it ;  and  since  it  was  also  changed  in 
its  qualities,  and  in  particular  was  no  longer  capable  of 
supporting  combustion,  it  might  be  inferred,  that  it  had 
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not  beoi  a  portion  of  the  entire  air  that  had  been  absorb- 
edy  but  a  principle  which  gave  it  that  property.  Scheele 
accordingly  concluded,  that  oxygen  gas  had  been  abstract- 
,  ed  from  it/  the  entire  air  bduig  a  compound  of  this  with 
the  residual  gas,  which  is  nitrogen.  He  fiiund,  what  was 
conformable  to  this,  that  oxygen  gas  is  absorbed  by  the 
sohition  of  su^hur  and  potash  by  which  the  diminution 
in  the  volume  of  atmospheric  air  had  been  produced.  And 
he  &rther  confirmed  his  conclusions  synthetically,  by  add- 
ing oxygen  gas  to  the  residual  nitrogen  when  an  air  simi- 
lar to  atmospheric  air  was  produced.  He  found,  that  si- 
milar changes  are  produced  in  atmospheric  air  by  othet 
substances  which  are  capable  of  abstracting  its  oxygen. 

Lavoisier  soon  after  advanced  the  same  opinion  with  re- 
gard to  thecomposition  of  atmospheric  air,  from  experiments 
in  which  its  oxygen  was  abstracted  by  burning  inflamma- 
ble bodies  or  calcining  metals  in  it  From  some  of  the 
compounds  formed  in  these  processes,  particularly  in  the 
calcination  of  quicksilver,  he  obtained  the  oxygen  which 
had  disappeared,  and  adding  it  to  the  residual  nitrogen 
gas,  reproduced  atmospheric  air.  The  composition  of  this 
air,  therefore,  is  demonstrated,  both  by  analysis  and  syn- 
thesis. 

The  process  by  which  the  proportion  of  oxygen  in  at- 
mospheric air  is  determined,  has  been  named  Eudiome- 
try,  from  an  opinion  which  at  one  time  was  entertained, 
that  the  salubrious  power  of  the  air  with  regard  to  animal 
life  depends  on  oxygen,  and  that  therefore  by  this  process 
we  might  be  able  to  ascertain  this,— an  opinion  for  which 
there  is  no  foundation.    Different  eudiometrical  methods 
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are  esiployed,  guch  as  the  action  of  the  liqaor  prepared 
from  sulphur  and  potaflh,  or  sulphur  and  lime  boiled  in 
watar,  the  slovr  aonbuition  of  pho6{^nis^  the 
of  tlieiair  with  hydrogen  gas,  and  the  action  of 
oxide  gas, — applications  to  be  noticed  under  the  histofy 
of  these  substanceSb 

The  proportions  of  oxygen  and  nitit^^  in  the  ataws* 
phef-e  ha^e  been,  variously  estimated,  firora  the  diverrities 
arising  from  diflerent  eudiometrical  processes.  The  ave- 
rage  result  from  those  dqperiments  that  can  be  regarded 
as  most  accurate,  is  21.5  of  oxygoi  gas  to  7&5  of  nitrogen 
gaa  by  measure,  or  23.5  to  77.5  by  wei^t. 

It'Iias  been  sopposed,  that  the  eoniposkion  of  atmoK- 
plieric  air  varies  at  different  parts  of  the  earth's  snrfiue, 
and  also  at  difiereat  heights*    Hie  reverse  of  this,  boir* 
ever,  Jias  been  suflSciendy  establidied,  and,  by  more  recent 
experiments,  made  with  every  precaution,  it  has  been 
shewn,  that  air,  in  the  upper  r^ons  of  the  atmosphere,  in 
the  same  in  composition  with  air  at  the  levd  of  iht  sea, 
and  that  there  is  an  equal  mwfcriin'^  in  compositioB  in 
the  air  of  distant  countries.    It  is  also  anifi>rm,  according 
to  De  Marti's  experiments,  in  every  state  of  the  atmos- 
phere with  regard  to  temperature,  pressure,  humidity,  the 
season  of  the  year,  or  the  hour  of  the  daj  or  n%fat 
What  i^cara  rather  m<HT  singular,  the  same  experiments 
prove  what  Priestley  had  indeed  befi>rc  established,  that 
the  air  of  i^accs  the  most  oftnsive  and  unhealthy,' is  of 
the  sauie  sensible  diemical  composition  as  tliat  of  situa- 
tions the  most  salubrious ;  the  air  of  crowded  cities,  6t  of 
laanu&ctorics,  being  not  less  pure  than  that  of  the  conn- 
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U^;  Ike  delcMmift  tgeticy,  tbercfer^^  of  «Mh  eir»  da^- 
paoding  MC  on  any:  ditetmce  ia  e^inpimtionf  but  cm  the 
pretonoe  ptrobaMy  of  flnore  subtle  ^tovia,  iinfaTourldile  ta 

In  the' composition  of  atmosphcnic  air)  thete  is  a  strib-r 
iHg  flitgidarity,  which  requires  to.  be  pointed  ottt  Its 
eoDstitiient  gaaes  mre  of  difierent  specific  gravitiety  and 
th^referet  were  they  noi  retained  in  union  by  a  mutntd  at- 
traction, it  might  be  concluded  that  they  must  sqparate ; 
the  heavier,  that  is,  the  oxygen,  oolke^iD^  towards  the 
sarfiwe  of  the  eardi,-  the  lighta:  receding  from  it,  and  oc- 
capjii^  die  upper  cegionr-^a  s^eration  wfaidi,  it  appears 
from  Ae  precedixlg  fads^  does  nottiJce  pkce^t  Ye^  aI-% 
though  <lhey  jemain  united,  there  are  none-  of  the  usual 
indications  of  chemical  union,  no  modification  of  proper- 
lies,  and  wen  no  change  of  doni^.  Whfttf  then,  is  the 
nature  of  that  constitution  by  which  they  are  preseanred  in 
a  state  of  equal  end  unifi>nn  diffiision  ? 

To  sohre  this  problem,  a  rery  ingenious  hypothesis  lite 
been  advanced  by  Mr  Dalton^  founded  on  the  assumption, 
dMtt'the  particles  of  mixed  gases  neither  attract  nor  repd, 
but  Sire  perfeclly  indiffirent  with  re^paurd  to  each  other. 
Did  tibey  attract,  Mr  Dahon  conceivesi  they  must  enter 
into  intimate  combination,  which  would  be  marked  by  a 
change  of  properties.  Did  they  repel  each  othi^, .  tliey 
must  sqiarate,  and  be  arranged  according  to  thur  speci- 
fic gravities.  Either  suj^sition,  there&re,  he  concludes, 
is  eacchided  by  the  known  conttitutioti  of  the  atmosphecei 
and  tliere  remains  only  the  hypothesis,  that  the  partides 
of  the  elastic  fluids  composing  it  neither  attract  nor  rqpel. 
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nor  axe  indeed  at  aD  affected  by  thor  proodinky.    On  ibk 
hypothesis,  each  gas  diffiises  itsdf  from  the  repukioii  be* 
tween  its  own.partides,  and  there  rest,  upon  the  wirfcrp 
of  the  earth,  so  many  colmnns,  as  it  were,  of  these  gases, 
eadi  supporting  itself  by  its  own  elasticity,  iatimiilriy 
blended  with  the  others,  but  altogether  indqyendeBt  of 
eadk  other.    And  as  the  diffusion  i»  complete,  we  disoo- 
v^,  in  any  ^ven  portion  of  the  .mass,  these  gases  ia  the 
same  r^lstive  proportion. 

Another  hypothesis  may  be  proposed  on  this  subject^ 
resting  perhaps  on  a  prindple  more  probaUe  d  priori^ 
and  equally  adapted  to  explain  the  constitution  of  atnKw* 
pheric  air.    The  most  correct  views  of  dienucal  affinity 
lead  to  the  prindple,  that  all  bodies  have  mutual  attmc- 
tions,  and  that  these  are  prevented  from  operating,  so  as 
to  establish  intimate  combination  only  by  tine  ejection  of 
external  forces.    In  the  action  of  a  liquid  on  a  scdid,  co- 
hesion operates,  counteracting  the  mutual  attraction,  and, 
if  sufficient^  powerful,  preventing  sohition.   In  the  action 
of  an  aerial  substance  on  a  solid,  the  cohesion  of  die  one, 
and  the  dastidty  of  the  other,  are  the  obstacles  to  the 
effective  exertion  of  the  attraction  exerted  between  them. 
And  in  the  case  of  two  aerifonn  fluids  preseiUed  to  each 
other,  the  samef  elastidty  in  each  is  the  cause  counteract- 
ing that  affinity  which  would  unite  their  partides.    Bat 
in  all  these  cases,  it  is  not  to  be  si^qposed  that  the  affini- 
ty is  not  exerted:  it  no  doubt  operates  with  a  certain 
fence,  the  circumstances  which  act  against  it  only  being  so 
powetfiil  as  to  prevent  intimate  combination.    The  par- 
tides  of  okygen  and  nitrogen  ^ases  are  capable,  under, 
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cettain  dFCBnutanoOy  of  exerting  a  ttnng  attraction,  atad 
entering  into  intimate  combination.  Under  the  drcum- 
stances  in  which  they  are  presented  to  eadi  other  in  the 
almoq>here9  this  attraction  is  not  exerted  so  as  to  over- 
conie  the  eiasticitjr  oCeadi,  and  estabHsh  this  combuMtion. 
Bat  stiil  it  ezisis,  and  may  so  fiur  operate  as  to  connteract 
the  slight  diffisrenoe  in  their  specific  gravitj^  and  retain 
them  in  aii^t  nnioii.  Hiis  accounts  satisfcetorBy  fer  the 
phenomena,  ani^  in  particular,  reconciles  the  two  fiusts, 
which  appear  ineompaitiUe,  the  umformily  of  the  compo- 
sition of  atmospheric  air,  while  it  has  no  properties  diffe- 
rent fitm  tiioee  of  its  oonstitiirat  parts.  The  principle^ 
too,  in  the  abstract,  i»  more  [Hfobable  than  thai  of  the  q[>- 
posite  faypodiesis.  Hie  particles  of  any  individnal  gaa  re- 
pel eadi  other:  why  therefore  should  the  partides  of 
mixed  gases  not  exert  a  similar  repukioa  ?  It  is  scarce^ 
possible  to  omceive  any  caose  for  this,'  but  the  exertioa 
of  a  nratoal  attraction  not  saflldently  powerful  to  over** 
come  their  elasticity,  and  bring  them  into  intimate  comln- 
nation,  but  exerted  at  least  with  soch  force,  aa  to  counter- 
act their  repulsion,  so  as  to  prevent  their  sepaiAti<». 

Besides  the  oxygen  and  nitrogen  which  principally 
compose  the  air  of  the  atmoqihere,  there  always  emsts  in 
it  a  scnuble  quantity  of  a  compomid  dastic  fluid.  Carbo- 
nic Add  Gas.  This  is  easily  <iisoovered,  by  ej^KMing  to 
the  atmosphere^  substances  which  have  an  attraction  to 
.this  gas,  as.  Ikne  water,  or  an  alkaline  sohition  i  thqr  are 
soon  found  to  have  imbibed  a  p<Mrtion  of  it.  Hiepfopor* 
lion  of  this  gas  to  the  other  gases  composing  the  atmos- 
phere is  so  small^  that  it  is  not  easy  to  estimate' it  wit^ 
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accuracy.  It  has  been  supposed  to  axnount  ,to  a  hundredth 
part     Mr  Dalton  has  inferredj  from  experiment,  that  it 
does  not  exceed  a  thousandth  by  weight     As  this  gas  i» 
produced  in  respiration^  and  in  other  processes    at  the 
surface  of  the  eiirth,  the  portion  of  it  contained  in  the  at* 
mosphere  has  been  supposed  to  be  derived  from   these 
sources.  This  is  not  improbaUe  $  at  the  same  time,  firojn  the 
reciprocal  attraction  which  gases  exert»  it  is  Uniformly 
diffused ;  and  it  appears  also  to  be  present  always  in  oear- 
ly  tlie  same  proportion^  and  at  the  greatest  heights  at 
which  the  air  has  been  examined.    . 

Aqueous  vapour  is  another  constituent  part  of  the  at«- 
mosphere ;  in  quantity,  however,  very  variable^  and  ob^ 
viously  derived  from  the  evaporation  of  water  at  the  sur- 
face,^-an  operation  dependent  on  tenq>erature  and.  other 
causes,  and  therefore  not  uniform.  The  temperature  is 
the  great  cause  by  which  the  quantity  is  varied,  and  hence 
the  proportion  of  watery  vapour  in  the  atmosphere  is 
much  dependent  on  dimate  and  season.  In  the  torrid 
zone,  Mr  Dalton  remarks,  its  quantity  is  such  as  to  exeit 
a  pressure  on  the  sur&ce  of  the  earth  equal  to  from  0.6  to 
an  inch  of  mercury :  in  our  climate  it  is  seldom  equal  to 
a  pressure  of  0.6,  and  in  winter  is  sometimes  so  low  as 
0.1.  While  it  preserves  completely  the  elastic  form,  the 
air  through  which  it  is  diffused  is  perficctly  tranqoarent.. 
When  condensing,  it  communicates  a  degree  of  opacity, 
and,  according  to  the  extent  and  rapidity  of  the  conden- 
sation, gives  rise  to  the  appearances  of  cflouds,  dew,  mist, 
and  rain. 
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A  subject  of  chemical  inquiry  is,  by  what  operation  is 
water  elevated  in  vapour  in  the  atmo^here  ?  and,  what  ia 
strictly  connected  with  this,  in  what  state  does  the  ague- 
^us  vapour  exist  ?  Water,  being  capable  of  passing  into 
vapour  from  the  action. of  heat  alone,  it  has  been  sup- 
pose4  that  its  elevation  in  the  atmoq>here  is  entirely  the 
result  of  temperature ;  the  vapour  formed  existing,  accord- 
ing to  one  view,  in  a  state  merely  of  mechanical  difiu- 
sion,  or  independent  of  any  action  of  the  permanent  gases 
upon  it,  or,  according  to  a  different  hypothesis,  being 
combined  with  these  gases  by  a  weak  attractio^•  Ac* 
cording  to  a  different  theory,  the  transition  into  vapour  is 
owing  to^  the  chemical  affinity  exerted  to  water  by  atmos- 
pheric air,  and  of  course  it  is  retained  by  that  air  in  a 
state  of  solution  or  weak  combination. 

This  last  theory,  proposed  by  Halley,  and  afterwards 
illustrated  by  Le  Roy,  Hamilton  and  Franklin,  is  proba- 
bly the  just  one.  A  mutual  affinity  exists  between  water 
.  and  the  gases  composing  the  atmoi^here,  for  it  absorbs 
them  in  sensible  quantity;  the  same  affinity ^ must  operate 
in  enabling  these  gases  to  dissolve  a  portion  of  water,  and 
this  is  promoted,  like  all  similar  combinations,  by  a  high 
temperature,  by  agitation,  and  of  course  also  by  the  dryness 
of  the  atmosphere.  The  opposite  views  restpQ  an  assiunp* 
tion'  extremely  doubtiul,  that  water,  independent  of  any 
chemical  action  of  the  air  upon  it,  can  pass  into  vapour 
■at  natural  temperatures.  Tlie  pr(^f  whidi  has  be^ 
usually  ^ven  of  this  is,  that  water,  placed  in  vacuo,  passes 
into  vi^ur  at  such  temperatures.  But  the  proof,  from 
ibe  manner  in  which  the  experiment  has  been  performed, 
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18  ^together  inconduave.  A  little  water  is  placed  in  ikt 
jar  ol  the  air-pump,  and  the  air  is  exhausted^  or  it  is  in- 
troduced into  the  barometer,  itod  of  course  into  tiie  more 
perfect  TorricelHan  vacuom*  But  in  either  case  the  pres# 
sure  of  tlie  atmosphere  is  withdrawn,  along  with  its  cbe^ 
xnical  agency ;  and  alti^ough  a  portion  of  water  may,  un- 
der these  circumstances,  pass  into  vapour,  this  iir  no  proof 
that  the  same  thing  will  happen  under  the  usual  almos- 
pheric  pressure*  The  experiment  .to  be  concluaiye  must 
be  performed  under  a  pressure  equivalent  to  that  of  the 
atmosphere,  that  is,  equal  to  a  colunm  of  mercury  29i 
inches  in  height.  But  the  result  is  then  subversiTe  of  the 
hypotliesis  ^  for  water,  under  that  pressure  in  vacuo%  does 
not  sensibly  evaporate. 

It  is  probable,  therefore,  that  the  spontaneous  evapora- 
tion of  water,  exposed  to  Ae  atmoqdiere,  depends  princi- 
pally on  the  attraction  exerted  to  it  by*  the  elastic  fluids 
which  form  atmospheric  air,  and  the  aqueetis  vapour 
existing  in  rt  may  be  regarded  as  in  the  same  state  of 
slight  union  with  the  other  gases  composing  i(^  as  they 
are  with  each  other.  The  only  difference  is,  diat  they, 
being  so  fiur  distant  from  the  point  at  which  they  assnme 
the  aeriform  state,  are  not  aflected  by  natural  changes  of 
temperature,  while  these  changes  must  eflfect  the  cobibina* 
tlon  so  fiur  as  it  relates  to  the  aqueous  vapour. 

Another  chemical  question  of  considerable  interest,  but 
still  involved  in  difficulty,  velates  to  the  causes  by  which 
water  is  precipitated  from  the  atmosphere,  or  the  the(Hry 
of  rain.  It  is  obvious,  that  it  may  be  occasioned  by  re- 
duction of  temperature,  but  it  is  not  easy  always  to  trace  thi^ 
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cause,  and  espedaDy  to  account  for  the  deposition  being 
90  sudden  and  copious.  Hutton  advanced  the  hypothesis^ 
that  the  solvent  power  of  air,  with  regard  to  water,  is  in* 
^creased  by  temperature  in  a  higher  ratio  than  the  increase 
of  temperature  itself;  and  hence,  if  two  portions  of  air,  at 
different  temperatures,  are  mingled,  as  they  may  he  in  the 
atmosphere  by  winds,  the  whole  (piantity,.  if  eac^  has  been 
previously  isaturated  with  humidity,  will  be  incapable  of 
retaining  in  sohition  all  the  water  which  the  separate  poFr 
tions  held  diss^ved :  a  quand^  therefore  will  be  rapidly 
separated,  ant^ts  particles,  uniting  and  meeting  with  re- 
sistance in  their  descent,  will  coalesce  so  as  to  form  rain* 
The  principle  of  this  hypothesisj  however,  is  not  estabhsh- 
edy  and  it  is  even  perhaps  more^pfrobable,  d  priori,  fix>m 
theory,  that  the  solvent  power  should  proceed  in  a  de*> 
creasing  ratio  with  regard  to  temperature,  the  ihcr^ase  of 
temperature  augmenting  the  elarticity,  which  is  an  ob- 
fitade  to  the  combination.  Electricity  has  sometimes  been 
isupposcd  to  be  concerned  both  in  the  spontaneous  evapor 
ration  of  water,  and  in  its  deposition  from  the  atmo^here« 
but  the  fiuTts  with  r^ard  to  this  are  not  well  ascertained. 

The  atmosphere,  then,  so  &r  as  its  constituoit  parts  can 
be  ascertained  by  chemical  analysis,  consists  of  oxygen, 
xntrogen,  carbonic  add,  and  aqueous  vapour;  the  three 
first  are  in  constant,  the  last  in  variable  proportions ;  but 
laiking  the  mean^  the  following  may  be  given  astbe  rela^ 
tive  quantities  of  these  prindples : 
IGtrogen  gi^^  77.5    by  measure,  75.55  by  weight. 

Oxygen  gas,  21.      — — —  23.32 *; 

AqneoUs  vapour^  1.42  ■  ■  ■  1.03  ■■ 

Carbonic  acid  gasi  .08     ■    ■      ■    ■       .10  '^^ 
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Hie  properties  of  atmospheric  air.  are  simply  those  of 
its  constituent  gases,  weakened  by  their  mutual  dihition. 
It  is  invisible,  inrfpid,  inodorous,  compressible  and  perma^ 
nently  elastic.  Its  specific  gravity  is  .0012279, — t^e  me- 
dium, as  nearly  as  can  be  estimated,  between  the  specific 
gravities  of  oxygen  and  nitrogen  gases,  in  the  proportions 
in  which  they  are  mixed  in  the  atmosphere. 

Atmospheric  air  supports  combustion,  a  power  depen- 
dent on  its  oxygen.  From  the  operation  of  the  same 
principle,  it  sustains  animal  life  in  respijj^on.  The  ac- 
tion of  the  nitrogen  is  negative  in  both  processes ;  it  serves 
therefore  merely  to  weaken  the  action  of  the  oxygen. 

Water  absorbs  atmospheric  air,  though  in  sparing 
quantity.  The  absorption,  too,  appears  to  be  unequal 
with  regard  to  its  constituent  parts,  more  of  the  oxygen 
being  absorbed  than  of  the  nitrogen.  By  agitation  of  a 
small  portion  of  air  with  a  large  quanti^  oS  water,  the 
whole  of  its  oxygen  may  even  be  abstracted,  wiule  the 
greater  part  of  the  nitrogen  remains  unabsorbed.  Hence 
all  water  exposed  to  the  atmosphere  holds  air,  chiefly  oxy- 
gen, dissolved,  and  it  is  difficult  to  expel  this  air  £rom  it 
entirely. 

Atmospheric  air  is,  fix>m  its  chemical  powers,  an  im- 
portant agent  in  many  chemical  tmd  natural  processes.  It 
equalizes  temperature  over  the  globe,  and  distributes  wa- 
ter. It  sustains  life  in  respiration,  and  is  necessary  in  the 
process  of  vqpetation.  And  by  its  chemical  action  it, 
sfewly  efiect3  changes  in  the  greater  number  of  substances 
which  are  exposed  to  it. 

An  interesting  subject,  but  one  extremely  obscure, 
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lates  to  the  natural  processes  by  which  the  purity  and  uni- 
form composition  of  the  atmosphere  are  preserved.  By  re- 
spiration, and  many  other  chemical  changes  going  on  at  the 
surface  of  the  earth,  there  is  a  constant  consumption  of  its 
oxygen,  and,  by  many  of  these  processes,  there  is  also  a 
production  of  carbonic  acid  gas,  by  both  of  which  the 
composition  of  the  air  must  be  altered,  an4  its  purity  con- 
sidered in  relation  to  animal  life  impaired.  Yet  we  do  not 
find  that  any  sensible  deterioration  takes  place ;  and  indeed 
we  have  proof,  from  its  adaptation  to  the  processes  of  nar 
]ture,  that  its  composition  must  have  always  been  the 
same.  By  what  causes,  then,  is  this  uniformity  of  compo- 
sition presetved  ?  At  one  thne  it  was  imagined,  that  the 
vegetable  kingdom  performed  this  important  function^ 
growing  plants  absorbing,  it  was  supposed,  carbomc  acid 
gas  by  their  leaves,  and  exhaling  oxygen  gas.  The  two 
tribes  of  animated  beings  thus  stood  opposed  4o  eadi  other 
in  their  relations  to^the  atmosphere,  and  presented  an  ad- 
mirable view  of  adjustment  in  the  economy  of  nature* 
There' is,  however,  much  reason  to  doubt  of  the  facts  on* 
which  this  opinion  rests,  and,  from  more  re<^nt  investiga- 
tions, it  appears  even,  that  except  when  under  the  direct 
action  of  the  rays  of  the  sun,  v^etaUes,  like  animals,  Con- 
sume oxygen,  and  form  carbonic  acid.  There  must  there- 
fore be  other  processes  by  which  the  changes  in  the  at- 
mosphere are  regulated,  and  its  purity  r^ored  ;*-pro- 
cesses  probably  depending  on  the  relations  which  exist 
between  oxygen,  hydrogen,  aind  nitrogen,  an^  whidi  the 
progress  of  the  science  may  soon  unfold^ 
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CHAP.  IV. 


*  • 


OF  THE  CHEMICia  AGENCY  OF  OXYGEN  IN  TTS  PISRS  FOB|ff 
AND  AS  IT  EXISTS  IN  ATMOSPHERIC  AIB^  AND  OF  ITS  G£r 
NERAL  CHEMICAL  RELATIONS. 

The  attractive  power  of  oxygen  towards  oditir  bodies 
is  more  extensive  than  that  of  any  other  chemical  ageotf 
and  the  history  of  its  combinations  fimns  peilnps  the 
most  important  part  of  chemical  sciencey*— an  importance 
which  the  progress  of  discovery  is  only  more  fidljr  imlafld- 
ing.    The  agencies  of  this  element  admit  of  some  gsneval 
observations ;  and  as  they  are  exerted  by  it  bodi  in  to 
pure  form,  and  as  it  exists  in  atmospheric  air^  I  oDBsider 
these  observations  as  best  placed  after  the  hwtoxy  of  the 
atmosphere.    They  form  the  subject  of  the  present  dup* 
ter. 

The  most  general  phenomenon  attending  the  oombiaa- 
tions  of  oxygen,  is  the  evolution  of  heat  alid  light*  Tkia 
constitutes  the  <^>eration  of  Combustion  or  Bvumingy  the 
theory  of  which  is  first  to  be  expkined.  > 

The  phenomena  of  coiobustioQi  and  the  disdnotioin  of 
bodies  into  combustible  or  inflammable,  and  incombustihle 
or  uninflammable,  are  sufficiently  &miliar.  The  latter,  when 
exposed  to  heat,  have  their  temperature  raised  proportiimal 
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to  the  d^Bpree  ^h^tt  appUed;  Imt  wheotlttt  is  wididnnmf 
the  tempenAnre  fidk»  and  tbqr  letum  to  tjbeir  ibniier 
•tale.  Coinfaiwtftfle  bodiesy  on  the  cootraiy,  when  auffi* 
doitljr  heated*  b^gin  cf  themaelTes  to  emit  heat :  this  is 
ako  accompMBiad  ^tb  an  evolution  of  light;  and  while 
titeae  cbangea  prooeed,  the  body  appeara  to  be  cooamne^f 
or  at  leaat  it  b  conTeited  into  mBUxtf  whidi  is  no  koger 
jfiftifDmaiilft  It  is  this  emianon  of  heat  and  lig^  and 
lypateptfwaate  of  anbotancpj  or  change  rfpropertiesy  which 
cdnatitQte  the  process  of  CombostioD. 

Becher  first  endeavoured  to  explain  tJiese  p&enomen^ 
on  themkal  principles.  Fire  he  considered  as  the  efiect 
ofafiecsuUarpcinoqplet  what  he  named  Inflammable  Earth* 
in  a  state  of  motion ;  this  princqple  he  supposed  to  exist  in 
Inflftw^aanKlA  bodies,  and  when  broi^ght  into  this  state,  t# 
cxhftnt  the  lAienomena  of  burning.  Stahl,  without  ad<^t« 
ing  jdbe  whale  of  diis  hypothesb,  supposed  that  inflamma* 
hks  oaotain  a  oimmon  principle,  Ae  matter  of  heat  and 
light9  on  vijiidi  their  inflammability  depends;  that  the  dis- 
engagement of  this  gives  rise  to  the  sensible  f^enomena  of 
cortibuarion,  and  that  to  its  evolution  the  loss  of  inflam*- 
mabihty  is  owing.  He  farther  estaUished,  Sn  oonfi>nnity 
to  these  news,  an  inqportfint  faot,  that  inflammability  may 

• 

be  restored  to  the  nninflammahk  product,  by  heating  it 
with  another  inflammable  substance^— a  chaipge  which  he 
ascribed  to  the  traosGer  of  the  inflammable  princq»le,  or 
phlogiston,  as  be  named  it,  from  the  <me  to  the  other. 

This  l^ypolbesis  appearing  to  afford  a  satisfactory  ex- 
plnpfttion  of  die  nhenomena*  was  soon  univeraallv  iecei«* 

9 

yed|  andy  ixr  a  con^derable  period,  no  doubt  was  ente^- 
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tsiaed  of  its  truth.    In  framing  it,  kaweter;  'Stiiil 
not  attended  to  die  influence  of  the  air'in'combmtioii^ 
whidii  eren  before  his  time,  had  be^n  demonstrsted,  and 
the  nature  of  it  in  some  degree  ascertainedy  hf  die  experi* 
ments  of  Mayow  and  Boyla<  •  It  was  therelbtre:defectrre  te 
not  accountiiig  for  the  ^cesrity  of  the  pretpaee  of  the 
to  die  support  of  that  process.    It  had  farther  bean 
tained,  that  some  'bbdies»  instead  of  losings  gain  «el^|lit 
burning,—^  fact  inesipiicable  on  die  sapposkiondiatcaai- 
bustion  consists  merely  in  die  disengagement  lif  a  princi* 
frfe  from  die  fauitiing  body. 

Various  attempts  were  made  to  solve  diesj^  difllcaldea, 
Wt  with  litde  success ;  and  the  discoveries  which  were 
soon  afte#  made  of  the  chemical  agencies  of  ibe  diastic 
fluids,  proved  still  more  dearly  the  deficiency  c^  the  ori- 
ginal doctrine.    It  was  observed,  that  combuidon  pro- 
ceeds more  rapidly  in  oxygen  gas  than  in  atmospheric 
air  s  and  it  was  farther  shewn,  that  when  it  is  earned  on 
in  atmospheric  air,  the  volume  and  weight  of  the  afr  are 
dinnni^ed,  apd  the  residud  air  is  incapable  of  support* 
ii^  that  process^— changes  which  were  fttrdier  'proved  to 
be  owing  to  die  consumption  of  oxygen.    These  facts  led 
to  different  views.    While  the  greater  nfimberof  diemists 
laboured  to  reconcile  them  with'  the  system  of  JStaU^  two 
Frendi  ehanists,  Bayen  and  Lavoisier,  considered  them  as 
leading  to  the  subversion  of  the  hypoCfaesiai    Bayen  bid 
observed,  that  from  the  cakes  oi  metah,  as  diey  were  na- 
med, a  large  quautity  of  elastic  fluid  is  given-  o^  on  ex- 
pofting  them  to  heat  with  charcoal,  or  e^n  with  reguAto 
a#me  of  them  to  heat  alone,  the  metal  being  4tt  the  smae 
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time  fedaced  tn  tlie  metaJQic  form ;  whence  he  eonctoded» 
that  the  metal  owes  its  eakined  state*  not,  as  the  v^stem  of 
Stafal  aqpposed)  to  theioss  of  phh)gisto(ti>  but  to  its  combi- 
nation with  diis  air.  Lavoisier  had  at  the  same  period 
traced  still  fiuther  the  agency  of  the  air  in  combustion. 
lie  demonstrated,  what  in  part  indeed  had  been  shewn  by 
former  chemistSf  though  it  had  never  been  much  attended 
tOf  that  its  vofaime  is  diminished  during  this  process,  the 

0 

disuintttion  ceasing  when  it  proceeds  to  a  certain  extent ; 
that  the  substance  in  burning  increases  in  weight,  and  that 
from  the  product  of  the  combusticm,  an  elastic  fluid  may 
be  obtained.  The  views  suggested  to  him  by  these  expe* 
Timents,  he  gradually  extended  and  strengthened  by  new 
^researches.  .He  at  length  established  the  simple  princi* 
ple«  that  oombustion  is  merely  the  combination  of  oxygeii 
with  combustible  bodies.  And  availing  himself  of  the  dis« 
covery  of  Black,  of  the  large  quantity  of  latait  caloric  pe* 
cufifior  to  the  aeriform  state,  he  fiurther  inferred,  that  the 
heat  produced  in  burning  is  not  derived  from.thecombus* 
tiUe  matta*,  but  from  the  oxygen  gas.  With-  these 'con^ 
dusions  were  comUned  others,  forming  a  fiystem,  in  which 
the  choiical  rdations  of  oxygen  were  devdoped. 

The  theory  of  Lavoisier  rests  on  the  fc^wing  general 
facts:  M^  The  presence  of  oxygen  is  indiq)ensalde  to  com- 
bustion: a  combustible  body  being  incapable  of  being  kin^ 
died  m  vacuo,  of  in  any  idrwhich  cannot  aflbrd  to  it  oxf' 
gen ;  or,  if  kindled,  it  is  immediatdy  extinguished  in  any 
of  these  situations:  if,  <m  the  contrary,  it  be  placed  i^ 
pure  €fxygsn  gas,  its  combustion  is  more  vivid  than  in  at» 
jQospheric  air.    idfyj  llie  cxygsa  present  is  always  cent 
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sumed^  as  is  proved  by  the  diminution  of  ^[^olunic 
straction  of  oxygen  which  attend  combustion  in  atmofiphei 
ric  air :  hence»  too,  a  bumixig  body,  when  confined  in  s 
certain  quantity  of  air^  bums  only  for  a  limited  tuoe^  thot 
is,  until  the  oxygen  present  is  consumed  $  whil^  in   tiie 
same  quantity  of  oxygen  gas,  it  continues  to  bum  mucb 
longer ;  the  dinunution  of  volume  too  is  in  this  case  great*- 
er,  and  were  the  oxygen  gas  pure»  the  whc^  of  it  mi^at 
be  spent  in  the  combustion.    Sdl^,  In  every  case  of  ccaooc 
bustion  the  combustible  body  increases  in  weight,  an  in- 
crease equal  to  the  weight  of  the  oxygen  which  disappears : 
jthis  increase  of  weight  indeed  is  not  always  apparent  v  on 
the  contrary,  it  often  appesu-s  that  the  weight  is  much  di- 
minished, or  even  that  the  body  is  entirdy  consumed  ^ 
but  this  is  owing  to  the  product  being  one  existing  in  the 
aeriform  state,  and  therefore  not  evident  to  the  senses ;  if 
obtained,  however,  and  weighed,  it  is  found  to  exceed  the 
wei^t  of  the  combustible  body  j  and  in  every  case  of  this 
kindf  as  weQ  as  where  the  product  is  a  concrete  substance^ 
and  of  course  more  easily  weighed  with  accuracy,  the  in- 
ci^ase  of  wei^t  is  found  exactly  equal  to  the  weight  of  the 
oxygen  gas,  which,  during  the  combustion,  had  combined 
with  the  cpm.bustiUie  body.    Lastly,  the  oxygen  which  has 
disappeared  during  the  process  of  combustion,  can  abrays 
be  recovered  firom  the  substance  formed  by  the  process :  it 
cannot  always  indeed  be  obtained  in  a  pure  form,  for  the 
affinity  by  which  it  is  retained  combined  with  the  comp 
bustible  body,  is  in  gei^ral  too  powerful  to  be  overepxne 
by  the  mere  application  of  heat ;  but  it  can  always  be  pro- 
pxreA  by  exposing  the  substance  formed,  by  the  coiabas- 
lion  tp  the  action  of  another  inflammable  body,  having  a 
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ftronger  attraction  to  oxygen  ^  the  oxygen  is  tranferred 
from  the  former  to  the  latter,  and  the  substance  which  we 
know  to  be  formed  from  that  substance  combined  with 
oxygen  is  obtained  \  the  quantity  of  dus  new  product 
indicating  the  quantity  of  oxygen  transferred^  and  this  al* 
ways  •corresponding  with  the  quantity  which  had  original- 
ly been  consumed  bx  the  combustion.  AH  these  facts  have 
been  ascertained  by  experiments  of  great  accuracy,  and 
they  establish  the  conclusion,  that  combustion  consists  in 
the  combination  of  oxygen  with  combustible  bodies :  These 
bodies  are  substances  handng  an  attraction  to  oxygen : 
And  the  products  of  combustion  are  compoimds  of  them 
with  this  principle. 

This  combination,  like  other  cases  of  chemical  action, 
is  influenced  by  temperature:  in  general,  heat  requires 
to  be  appfied  to  cause  it  to  conunence,  the  evolution  of 
caloric  from  the  combination  itself  being  then  snflBcient 
to  enable  it  to  proceed.  The  heat  operates  by  dimi- 
nishing the  cohesion  of  the  combustible  body  which  oppo^ 
ses  the  combination,  and  the  degree  of  it  will  be  regulated 
by  the  fbroe  of  that  cohesion,  and  the  strength  of  the  a& 
finity  between  die  oxygen  and  the  combustible  matter. 

From  the  principle  thus  established,  it  remains  to  ex* 
plain  the  phenomena  which  attend  combustion, — ^the  evo* 
lution  of  caloric,  and  of  light. 

With  r^srd  to  the  origin  of  the  heat  in  burning,  the 
popular  notion  appears  at  first  view  incontrovertiblei — ^that 
it  is  derived  from  the  burning  body.  It  is  more  or  less 
hot;  no  other  agent  appears  to  be  concerned ;  and  it  ap- 
pears nearly  a  self-evidcykt  conclusion,  that  the  body,  the 


286        OF  THE  CaCMICAl  AOEKCT 

temperature  of  which  is  thus  elevated,  is  the  sonrce  of  tfai» 
caloric  by  which  the  elevation  is  produced.     It  is  accord^ 
ingly  the  conclusion  which  was  received  in  the  earlier  hj* 
t>otheses  of  Becher  and  StahL 

The  discovery  of  the  influence  of  the  air  in  combustion^ 
at  once  invalidates  the  apparent  strictness  of  thevreasoning 
whence  thi&  conclusion  was  drawn ;  for,  ^hen  it  is  disco- 
vered that  combustion  is  not  merely  an  aiFection  of  the 
combustible  body »  but  is  the  result  of  its  cbmbinatipn  with 
apportion  of  the  air  aroimd,  it  is  obvious,  that  jjie  heat 
may,  with  as  much  probability^  i  priori,  be  supposed  to  be 
derived  from  the  one  as  from  the  other.    Whether  it  pro-^ 
ceed  from  the  combustible  matter,  or  from  the  oxygen  gas^ 
it  must  be  evohed  at  the  sur&ce  where  the  combination 
proceeds,  that  is,  at  the  surfiice  of  the  burning  body :  it  is 
apparent  to  the  senses,  while  the  gas  being  invisible  escapes 
observation ;  but  still  the  caloric  given  out  by  the  gas,  and 
communicated  to  the  substance  in  the  act  of  combustion  j 
may  be  the  cause  of  its  devation  of  temperature. 

When  it  was  farther  ascertained,  as  was  done  by  the 
discovery  ci  Black,  that  aeriform  substances  contain  a 
large  quantity  of  caloric  peculiar  to  their  aeriform  state,  it 
became  even  the  more  probable  opinion,  that  the  caloric 
evolved  in  combustion  is  derived  from  the  oxygen  gas, 
which  in  that  process  generally  passes  into  a  more  dense, 
and  often  indeed  into  a  concrete  form.  This  accordingly 
appears  to  have  been  the  first  modification  of  this  opinicm 
that  was  proposed,  the  heat  produced  being  supposed  to 
be  the  latent  cdoric  peculiar  to  the  oxygen  in  its  aerial 
fimn. 


'^  Another  vieiw  of.  the  subject,  or  perhi^ps  rftther  a  dif- 
ferent mode  c^  expreseing  it,  was  likewise  prc^posed  by  La^* 
Voisier.  He  rq^ded  caloric  as  existing  in  bodies,  and., 
especially  in  those  in  the  aeriform  state,  in  a  state  of  dfe- 
mical  combination,  and  supposed  it  to  be  disengaged  in 
combustion  from  the  oxygen  gas,  in  conseqpience  of  the 
superior  affinity  of  the  combustible  body  to  oi^gen* . 

Craw&rd  gave  the  explanation  under  a  form  less  hypo» 
thetical,    and  more  directly  inferred  from  experiments 
The  general  fact  had  been  demonstrated^  that  different 
Ixxlies  at  the  same  temperature  contain  different  quanti- 
ties of  Calbric,«-*a  fiict  expressed  by  saying,  that  they  have 
different  capacities  for  heat.    Irvine  had  &rther  shewn, 
that  the  capacity  for  heat  is  often  chaagiged  by  ebemical 
combinatioiu    It  occurred  to  C^wford,  that  this  might 
happen  during  combustion,  and,  if  it  did,  might  give  rise 
to  the  evolution  of  heat  which,  attends  the  process;  for,  if 
the  capacity  be  diminished,  in  other  words  if  the  capaci- 
ty of  the  compound  resulting  from  any  combination  be 
less  than  the  mean  of  the  capacities  of  its  constituetitpart^, 
a  portion  of  caloric  must  be  rendered  sensible,  or  produce 
^li  elevation  of  temperature.    Thh  led  to  an  extensive 
ei^rimental  investigation,  whence  were  established  the 
general  fikcts,  that  the  capacity  of  oxygen  gas  for  caloric 
is  uncommonly  great,  that  the  capacities  of  c<»nbustible 
bodies  are  conqMuratively  small,  and  that  the  capacities  of 
the  substances  formed  by  combustion,  though  superior  to 
^ose  of  combustible  bodies  thepiselves,  are  ii^srior  to  the 
mean  of  these  and  of  oxygen  gas.    Hence  an  elev^on  of 
temperature  must  attend  the  combination,  and  the  caloric 


288  OF  THE  CHfiMtCAL  AGEKCT 

]»mhiciDg  tUi  nrost  he  deriveA  from  the  oxygm  gtBf 
jrom  the  cofBAnaStie  natter^  In  diffianent  bodies^  Ae> 
dWarence  in  die  proportioii  betwieeD  the  capacities  beftie 
end  after  coBobnticm  9ite  diffisreRt^  and  henee  tbe  qnuni-> 
titles  of  calorie  erolved  aoe  extremeijr  varicNn. 

It  is  not  difficult  to  detamiae  wliidi  of  tkeae  caqdbBa^ 
lions  ifr  to  be  preferred.  Crawfiitd's  involvw  nohjpotiin 
si«;  andif  theeaiperiments  by  wfaidi  the  cqaadtiea 
leniHBed  be  correct,  or  dren  be  appitigupnatJoiis  to 
racy^  it  is  sinqidy  irfiat  every  .philoaoplucal  iheaay  i/offA 
tobe.d>e«>(>r»^ofge«rdfiu«.  Not  is  th»  17 
reason  to  caU  i^fltetion  the  general  accnntgr  of  tbe  es* 
periaiaitsy  tfaoi^,  from  the  dfficulty  of  the  infestigataoo» 
Aey  may  be  invohed  in  some  errom,  aflbctii^  not  Ae 
principle,  but  merely  the  estimation  of  die  quandtiei  of  cs- 
loric  erohred. 

The  origin  of  the  l%ht  in  combnstimi  is  of  iaote  dUffi- 
cult  dphmation ;  at  least  we  can  hare  still  less  emtaimy 
ef  the  jostness  of  any  c^inion  with  regard  to  it.  La- 
voisier had  siq>posed  it  to  be  derired  from  the  ionfgak 
gas,  but  without  any  conclusive  evidence ;  for  it  is  obrions^ 
that  the  admissfon  of  the  fact,  that  the  calaric  is  tMknd 
fiwn  this  gas,  is  no  proof  thait  the  I^t  has  dM  same 
aomrce;  at  least  without  die  assumption  sufficiently  iofvo^ 
bafafe,  that  these  two  prindpies  are  the  same. 

We  have  parhaps  no  very  dednve  evidence,  that  Ae 
light  is  derived  fitmi  the  oombnstifale  hodyi  still  thereme 
lAma  fiicts  which  iqspear  to  render  this  rather  tbe  more 
probable  opini<m.    Thus,  light  is  often  twtrtd^  when 
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nKygea  is  tmiafemd  fron  one  influBmafale  ta  anodur, 
and  09  the  oiygen  in  its  first  combination  has  parted  with 
its,  ]if^t»  if  it  contained  any,  the  l^t  erdrred  in  the  s&< 
oond  combination  most  be  siqiposed  to  be  derivad  from 
the  inflammaUe  b«djrw  Another  i/xtj  still  more  conchi- 
atre,  is,  that  an  cvohitioB  of  tight  attends  tibe  combination 
of  inflammable^  substances  with  each  other,  a£  which  we 
have  a  striking  example  in  the  combination  of  sulphur 
with  metals.  Hiisptdves  diat  light  is  a  princifde  existing 
in  these  bodies,  and  as  we  hanreno  sinular  proof  of  its  ck* 
ist^ioe  in  aog?!gen  .gas,  it  fidlows  as  the  mareprobaUe. 
ooadnaion,  that  the  light  enrohred  in  the  combustion  of 
these  substances  is  that  which  thqr  tfre  thus  proved  to 
contain.  At  the  same  time,  it  is  to  be  rmanrkfj,  that 
with  regard  ito  prindples  so  subtle,  our  oondtnioBS  most 
in  the  present  state  of  chemistry  be  somewhat  uncertain^ 
and  the  ptoduotion  of  intense  light  by  gahn^piem^  without 
our  bemg  able  distinctfy  to  assign  its  origin,  proves  suffi- 
ciently that  we  are  imperfectly  acquainted  with  the  diemi«> 
catrdations  of  tUs  power. 

Very  different  quantities  of  light  are  given  out  fay  di& 
ftranl  combustible  bodies  in  burning;  in  general*  the  il- 
lominatioii  is  greatest  firwi  tho^  wbi^  are  in  the  stat^  of 
TSfiOQr  while  bpuming;  itf  the  <same  time,  this  is  not  strict- 
ly necessary,  siome  substances  irfiicli  remain  fixed,  aa 
pbosphorof  or  iroi),  giving  w^  intense  lights  The  consti- 
ttttion  of  the  Ii|^t  emitted  with  regard  to  the  differei^  a>* 
loured  r^s,  is  also  differmt  in  diffcD^^t  bodies,  some  in 
^Rurning  giving  white,  others '  differently  coloured  light 
^'I^is  appears  to  be  very  much  connected  with  the  temr 
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pentim  whieh  meocmpBmm  die  eombuitioii.  Thofe 
which  bum  witii  a  law  heat,  as  sulphur  or  ardent  spirity 
in  general  emit  the  bke  or  purple  rsjrs  most  copious^jr  $ 
those  which  burning  produce  a  greater  delation  of  tern* 
peratnre,  as  diarcoal,  give  the  red  rajs  s  and  where  the 
temperature  is  hig^  and  the  combusticm  rajmi^  s&  the 
TwyB  are  emitted  so  as  to  constitute  white  H^t 


the  simple  ca^  of  the  combination  of  osygesft 
in  the  elastic  form  with  bodies,  ^Hbich  constitutes  combB»- 
tion,  there  are  others  rather  more  compUcat^,  in  trtiidi« 
after  having  been  combined  with  one  body,  it  is  tiansfcr* 
red  from  it  to  another. 

Of  this,  the  operation  of  Deflagration  is  an  exanqple. 
When  an  inflammable  substance  is  mixed  widi  nitre,  on 
kindlii^  the  auxtore,  a  very  rspid  combustion,  attended 
with  the  disengagtment  of  much  heat  vnd  hf^  talces 
pkce,  and  this  ^together  independent  of  any  aodoB  of 
the  air.  The  theory  of  die  operation  is,  that  in  nitre  • 
there  exists  a  large  quantity  of  oxygen  in  a  conerete  taemp 
this  salt  consisting  ^nitric  acid  and  potash,  and  this  add 
bdutig  composed  of  oxygen  and  nitrogen.  Theae  are  not 
retained  in  union  by  a  strong  attraction  $  hence^  when  ex- 
posed to  heat  th^  separate,  and,  in  deflagration,  the  oxy- 
gen being  presented  to  the  inflammable  substance,  com- 
bines widi  it  rapidly,  and  causes  it  to  bum.  The  nitro* 
gen  gas  assumes  die  elastic  form,  mixed  fiequenfiy  with 
an  aeriferm  product  from  the  combusticxi.  , There  is 
some  difllculty  in  accounting  ibr  the  high  teQq)exature 
produced  by  defloration.  Oxygen  existing  in  the  elaatiq 
form  has  a  large  capacity  for  caloric,  and  suiferii^  a  di- 
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minution  of  capa^ty  in  tbe  combinatians  into  which  it 
tnters,  the  temperature  must  be  elevated.  But  existing 
iQ  nitre  in  a  concrete  8ta|;et  it  is  nqt  to  be  presumed  that 
its  capacity  will  be  equally  great.  In  passipg  therefore  into 
a  new  state  of  oombinatipfit  there  cannot  be  a  diminution 
of  capacity  to  the  same  extent,  and  henc^  Ihere  must  be 
less  calpric  evolved*  In  soiQe  case^  even  of  deflagratipUi 
thp  compound  whi^b  the  oxyg^  fomui  with  the  combus- 
tible body  exists  in  the  aeriform  state^  and  reasoning  firom 
analogy,  it  must  require  more  caloric  to  produce  in  it  a 
given  temperature  than  tlie  nitre  itself. 

Tliis  difficulty  perhaps  cannot  be  entirely  r^noved.  It 
may  be  remarked,  however,  what  so  far  lessens  it,  Aat 
the  consumption  of  a  given  quantity  of  oxygen  by  defl^ 
gration,  rendars  less  caloric  sensible  than  the  consumption 
of  the  same  quantity  by  con^bustion  :  thus,  X«avoifiier  as* 
certainedf  that  in  the  deflagration  of  diarcoal  with  pittei 
the  heat  evolved  melted  294-  libs  of  iice,  1  lib.  of  oxygtm 
bang  consumed  $  while  in  the  ponsnmption  of  the  same 
quantity  of  o?cygen  in  (he  q^mon  combustion  of  char^- 
coal,  the  quantity  evolved  meked  S7^  libs.  It  is  also 
to  be  observ^}  that  when  oxygen  combines  with  nitro- 
gen, to  form  i^itric  acid,  little  caloric  is  set  free;  and 
again,  when  thi3  acid  citMabines  with  potash  jbo  form  nitre, 
there  is  little  di$epgagement  of  heat  We  thus  trace  the 
Iftrge  gu^Ritit^  of  isidpric  in  oxygen  gas  along  wj^  i^  ipto 
thf^  BoGd  salty  m'i  hence  may  ^XQ^  it  tP  be  eyolvedt 
wh€;n<l^p  i9^gen  is  tranifiHrr^  to  jan  jkn^anunable  suV 
atanc^*  The  psly  dii&put^  is,  whej^^  the  large  qivmtilgr 
«f  calorici  which  would  ^thus  appevto  be  contaii^Mlid  ni*' 
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tre,  can  be  proved  to  exist  in  it  firom  its  known  capacityf 
winch  according  to  this  view  ought  to  be  great ;  and  with 
regard  to  this,  we  have  as  yet  no  experiments  that  can  be 
considered  as  decisive. 

The  origin  of  the  light  in  deflagration,  must  be  th^ 
same  as  that  in  combustion. 

From  the  sudden  and  rapid  extrication  of  aeriform  mat- 
ter, which  attends  deflagration,  a  high  elastic  power  isexert* 
ed,  especially  as  the  dastidty  <^  this  is  so  much  increased 
by  the  high  temperature.  This  elastic  .power  19  of  course 
greatest  when^  with  the  gaseous  matter,  from  the  deoolnpo* 
sition  of  the  acid  of  the  nitre,  there  is  an  aeriform  product 
from  the  combination  of  the'oxygen  with  the  inflammable. 
This  happens  in  the  deflagration  of  charcoal  and  of  sul- 
phor,  and  to  this  the  expansive  power  of  gun-powder, 
which  consists  of  these  ingredients  with  nitre,  is  owing. 
In  tome  cases,  the  quantity  of  elastic  product  is  so  great, 
.  and  the  elasticity  of  it  so  much  augmented  by  the  caloric 
suddenly  disengaged,  that  the  mere  resistance  of  the  at- 
mosphere gives  rise  to  a  loud  noise.  This  forms  what  is 
flamed  Detonation.  It  is  not  only  produced  by  heat,  but, 
with  regard  to  some  substances,  by  friction,  or  percussion. 
The  last  general  ^ease  of  the  combinations  of  osygen  to 
be  noticed,  is  that  where  it  is  transferred  from  one  body 
to  another,  without  beii^  accompanied  by  the  phenomena 
of  eombiiBtion.  Thus  the  acids  contain  oxygen*  In  act- 
ing on  an  inflammable  sid)stance  or  a  metal,  they  often 
yield  this  oxygen.  Water,  which  is  a  compound  of  oxy- 
gen, sometimes  aficnrds  it  to  other  bodies;  and  the  pre- 
senoa  of  an  fidd  often  favours  this^  or  causes  the  wafer 
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to  be^more  easQy  decomposed*  In  snch  eaaes,  there  is  no 
great  elevation  of  teiDperalure,  partljr  becauae  the  osjigw 
esdsting  in  these  compounds  has  been  depriyed  of  the  ca- 
loric peculiar  to  it  in  the  aerial  form,  and  partly  as  the  sub* 

^tance  evolved  from  thedecompositioii  irf*  theodd  Of  the 
water,  and  which  is  usually  gaseous,  absorbs  mneh  of  the 
caloric  that  would  otherwise  be  vendeced  sensible*     Nei* 

'  ther  is  there  in  general  any  evohition  Qf  light :  if  evolved 
it  is  either  not  sensible  from,  the  slowness  of  the  process^ 
or  else  it  passes  into  combination  with  the  base  wilh 
which  the  oxygen  had  be^n  combined* 

The  combination  of  oxygen  with  a  body,  whatever  may 
be  the  phenomena  attending  it,  is  named  in  geberal  its 
Oxidation  or  Oxygenation,  or,  aocovding  to  the  Xkomm^ 

'  clature  proposed  by  Mr  Chenevix,  Oxidizan^nt  or  Oxy- 
genizement.  The  result  of  it  is,  the  formation  of  com- 
pounds which  possess  some  common  properti^s,  and  agree 
to  a  certain  exteiit  in  tlie  chemical  agaides  they  exert. 
Hence  they  admit  of  somef  general  observations* 

Of  these  compounds  some  have  a  sourtasle^  are  ctipo^ 
ble  of  reddening  the  vegetable  cojoum,  and  of  cc^abiittng 
with  the  alkalis,  so  as  to  neutraliae  the  alkaline  profetlies. 
A  substance  possessed  of  thivse  properties  i»  named  in 
chemical  language  an  Aoin.  There  are  a  numbet.  of 
Acids,  and  these  in  g^evaly  sp  fiir  as  they  luvie  been  aaa»- 
lyzed,  contiun  oxygen*  Hetioe  this  elemesit  is  cosisiddred 
4B  the  principle  of  adifity,  from  which  indeed  its  nsmie  is' 
derived. 

.  Acidity,  however,  is  not  the  uvrarUUe.  nsuk  of  the 
combination  of  oxygen.    Tb(<  product  of  these  comblnfi^* 
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tiott  are  <iAeti  destkate  of  any  acid  pniperQr*  It  is  cea-^ 
irenient  to  hav^  a  tetm  to  denote  this  ckis  of  cosspoondap 
and  in  tlie  modem  nomoiclature  \bey  are  daioininated 
Oxtoca. 

Ooddes  and  Acidi^  thtti»  are  t«ro  orders  of  compounda^ 
mider  whidi  lU-e  armnged  aU  dbose  subBtaaoet  tbat  reaslt 
from  the  oombination  4^  oxygen  tntb  odier  bodies.  Ackb 
bre  dtstingaUied  by  dtepoMmaioii  of  c^tain  commoo  pix»- 
parties  Jnsi  ilour  tMiinierated.    Oudca  hmv^  acarcely  angr 
t^onunon  quaBties  by  wMdi  they,  are  diiitingiiiihed ;  die 
distinction  being  rdUher  negative,  or  deooting  that  the 
compound  has  no  add  power.    Tlie  alkalis  a^ftd  eailbs  are 
now  to  be  regarded  as  oxidesj  and  the  nkost  difitfangnishii^  . 
property  oomaaon  to  the&i)  and  likewise  to  bM  the  metal- 
lic bkides,  is  that  of  tieatrafizing  the  properties  of  addsi 
Bat  there  are  fikewise  oxides  to  which  this  property  dtes 
not  bdong.    The  wotd  oxidation  or  oxidiaement  ii  used, 
ikk  strict  ph>priet^,  to  deiiiote  that  combination  of  oxygea 
where  the  resiakkig  ooiapotflid isnot an  add>  but  anoucle. 
Oxygenation  or  oxygenizement  is  a  more  general  term, 
aqiresslng  evety  combinaition' of  oxygen. 

Ifany  aubstatices  are  capaUe  only  of  oxidizement  Thus 
the-grearer  nianber  of  ike  mcftals  are  capable  of  eombming 
with  oxyge».  These  componads  are  generally  oxides.  $ 
nor,  with  the  exception  of  two  or  three  metals/ by  any  ad- 
yticion  of  «oxygeii>  can  they  be  made  to  acquire  any  add 
piwperty.  Hydrogen  naites  with  oxygen  cndy  in  but 
proportion,  and  forms  water,  which  is  not  add. 

lliere  aref  othier  inllananable  sabstances,  again,  which 
are  capable  ^oMnbiiifkig  Urith  oxygen,  (bttmng  in  one  iM'a* 
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poition  an  oxide»  and  in  another  an  add.  In  general,  the 
first  dqppee  of  (ugrgenizement  forms  an  oxide,  and  this  by 
oomfainiiig  with  a. larger  proportion  of  oxygen  forms  an 
acid.  Thus  nitrogen,  united  with  nearly  two  parts  of 
qpcygen*  forms  a  substance,  *whi^  havii^  no  acid  pro- 
perty, is  an  oxide  of  nitrogen,  while,  united  with  four 
parts  of  oiTfgea,  it  Ibnn  an  add iXimfKiiaMd.  Thecaseis 
the  sajne  with  a  nui^ber  of  other  bodies.  Again,  there  are 
.sfiHw  whidi  appear  to  A«vi  jwidi  «mk  kt  tdie  ftnt  stage  ttf 
incygeniMmeiit  I  at  least  liieir  4girtpnre  in  Ae  state  of 
flxide  is  doiihifiiL  Birt»  in  3sH  tboae  subsfanres  which,  by 
conlihunff  widi  axygen  in  diflerent  pvopcKtioiis,  pntdnee 
JMlhtfsides  and  adds,  die  oExiderkinYvridri^  the  prodaKt 
tif  Ae  A»t  stage  of  oxyganKBieBt,  and  the  add  xasab 
iBrcmi  the  additkm  of  a  laiyr  fiK^Mrtion  cff  OE^^  1^ 
some  cases,  the  same  substaneeitoo  is  suscepliUe  of  dtte^- 
ent  degrees  of  oxygenizement,  so  as  to  form  twoacidsdlfr 
ierent  in  ihcir  piopecties  Sutmk  each  others  the  one,  fiK>m 
4]ie  kurger  proportiaB  of  oxygen,  bdng  osuaSy  the  noif 
^pciyaticin  itsaction« 

Mr  Davy  has  kt%ad9awadihefOTposidon,i)iattbSM 
isanodier  prino^  prodactm  Mkcnite  lOf  4MMi^  diiiBr- 
^Bt-fioom  oKygen,--«n  opinioa  wUdi  wfll  be  iwsidtwd'nn* 
dcr  ifae  jgencral  obserfBtions  iplrodiictoiy  to  ttita  Utt^ 
ofjM^i^* 
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OF  WATER  AND  ITS  BASE. 

J  F  sny  ponderable  substanee  ctm^  from  general  reasoff- 
ing  with  regard  to  ite  powers,  be  considered' as  an  ele*- 
meat,  water  may  perh^  best  ckim  this  distiaetion.    It 
is  the  substance  which  exists  in  largest  quuitity  in  natare^ 
aad  we  can  trace  its  agenqr  in  almost  all  the  tranamutai- 
trnns  to  which  matter  is  subject     Hence,  in  nearly  eirery 
system,  both  of  ancient  and  modem  phalosefilqr,  the  de^ 
mentary  nature  of  water  has  been  admitted  as  a  kidmg 
principle. 

The  more  rigorous  researches  of  Modem  Chpmtslry 
Jbave  bten  supposed^  however,  to  establish  its  tmipom^ 
tion.     It  was  observed,  that  in  the  combustion  of  a  peoa* 
liar  spedes  of  ijaflammable  dastic  fluid.  Hydrogen  Gas  as 
it  is  now  luimedy  water^is  the  only  senuble'  product ;  aod   . 
that  the  quantity  of  it  whiob  appears  is  equal  to  the  qnan-. 
tily  of  Ais  inflammable  gas^  and  of  the  oxygen  gas.whidk 
are  consumed  in  the  combustion.    And  again,  when  suh* 
stances  having  a  strong  attraction  to  oxygen  are  made  to 
operate  on  water,  thgy  are  found  to  have  received  tUs 
principle ;  a  portion  of  the  water  disq>pears,  ^d  hydrogen 
gas  is  produced.     It  appeared  to  follow  from  these  facts, 
in  conformity  to  the  principles  which  regulate  chemicplia-^ 


OF  HtDRDGEf^* 


5»7 


^ixmHoA^  that  water- is  a  compotiiid  of  tbeae  two  gasea^ 
TkhiB  oondouon  was  aooot^gljr  received  without  rasarra. 
Same  doubts  bava  latdty  been  suggeated  with  regard  tbol^ 
bat  antQ  Aese  are  supported  on  beltar  evidence^  walar 
may  be  rq^arded  as  a  compound,  and  hydrogen  as;  its 
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HtimooBH  exists  when  ancomfained  in  tfie  aerial  ferm. 
'Bebag  disengaged  in  various  common  chemical  processes^ 
and  firmn  its  property  of  inflammability  being  more  eMily 
'  recagnased  than  the  other  dbstic  fluids,  it  was  imperfect^ 
knowp  to  the  older  chemists.  Cavendish  first  dearly  de- 
inonslrated  ita'^rtinct' existence  and  daracteristic  quaM- 

« 

ties)'under  the  nme  of  Inflammable  Air.  It  has  received 
&e  denomination  of  Hydrogen  from  being  regarded  as  the 
baseofwator. 

"  It  b  always  obtained  from  water,  subjected  to  the  action 
of  subatances^vrhidi'  attract  oxygen.  Thus,  if  watery  va^ 
pour  be  passed  over  iron  at  a  red  heat,  hydrogen  gas  ia 
procured,  and  the  iron  becomes  oxidated.  If  the  resulting 
aiBnity  of  an  acid  be  introduced,  its  production  is  num 
n^id,  and  takes  place  at  a  natural  temperature.  This  is 
>lbe  pi^Qcess,  theieforey  that  isgaiia3id|y  fblbwed.  One  part 
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of  ivonorsiiic  m  tngumUf  ispvt  imoAfaotdeiritk  a 
tiibe  adapted  to  kt  iiid  two  pM»irffi«lpbwio  ad^ 
wiA  fife  times  htlvfli|^^wal(^,aM{)anmdapfl^  li^ 
idngen  gn  is  lapUHy  dkengayj.  Theagrnqr  of  the 
in  promaCiag  die  tkooiDponliait  is  aoa 
so  fiit  as  any  explanation  can  be  given,  it  may  be 
as  an  CTample  of  what  BerthoBet  names  Residting  Afini- 
ty ;  ike  add,  the  metal,  and  the  oxygen  of  the  watar,  ex- 
erting mutual'  fisrces  of  attraction,  wUeh  piwail  ovei^  the 
single  attracdon  of  the  oxygen  to  the  hydrogen:  hencethe 
^three  finrmer  combine,  whik  the  hist  being  separated  from 
its  combination  with  the  oxygen,  assumes  the  elastic  fbrai« 

Hydrogen  gas  ia  ihe  iqj^itaBtof  all  the  elastie  fluids,  and 
the  lightest  substance  therrfore  whose  gravity  w6  can  as* 
certain.  In  its  ostel  atata,  wiion  ooHaelad  aiwr  watat*  it 
is  about  10  times  tightor  than  ain<M(>kBiie  aok  V/hm 
fie«d  as  mttdi  as  posmfaie  fiMttn  the  water  it  holds  diinai 
insd,  it  is  nearly  IS  tknss  lig^itor,  or  the  spedfic  gi!aiiiy>qf 
water  beipg  IflOQ^.that  of  pure  hydingesi  ja  §i>  JEtiainsa 
4his  levity  that  it  iswemployed  in  the  csmttnctau  of  ibal-- 
loons.  When  fiee  fiwn  water  it  is  iaodoraiOB,  but 
'hnoiid  it  haa  a  sii^  smeiL 

Inflammability  is  the  property  which,  next  to  itM 
farttyf  eminently  distinguishes  hydvqgcflu  It  Ubadlss.  on 
the  approach  of  an  ignited  body 'When  in  contact  wifr^ 
air;  if  peevioudy  mixed  wkh  twice  ifs  vohnae  of «aln^ 
spibBric  air,  it  eiqplodes  wheiikiiidlad.;  with  inygBWfasils 
apkaion.is  adQ  more  violent.  Water  ia  the*0nt|r  upwaihlr 
product  of  its  coadanstion. 

From  this  inBamynahiliQr  hydragen  gas  has  Jb^eo  ap- 
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fikd  tD  the  purpoee  of  eudkuneiry^  a  ghfM  ipokuiifi  <t  ft 
being  introduce  into  ike  liibe»  Figv  fiS*.  widi  a  measmed 
^pwnti^  of  the  air  submittod  to  trial  asidinflated'ta^^ 
abotarie  spariE.  The  dimunittOB  of  rtjbsstri  indicttess  'ihe 
qjaandty  of  oxj^iea  that  had  btah  oonteiaiediH  theairt  IM 
laeesures  of  oxygen  combining  wilb  aadior  lew  then  Wd 
mtmiarci  of  hydrai^  Tbas,  W  nwakues  «f  hg^drogen 
gas  exploded  with  100  of  almoqphency  lea^e  are^dual|^ 
eqaajito  100  meonuraB^  tfae^l  afoigrgminthispaftkuiof 
airfaavangooiidiMnedmth  S9  of  hjdn^en.  llKNigbaoip- 
dioiaetxical  oietbod  of  anfficicnl  ddkaoy  finom  the  great 
reduction  of  Tohime^  it  k  rather  tixmhlnonie  in  the  ex&- 
culioiif  and  apore  «iaq[>le  methods  are  ilKrefore  genM^y 


Hydrogen  gas  proves  fatal  to  animal  life  vhen-reqakipd, 
a|ipaxciitly,  howeirfars  not  by  ajQy  positively  deleteiaous 
^XHrer,  biit  merely  by  ex»ladingi>xygea:  hence  it  can  be 
bscadied  for  a  tew  isipinitiQiB ;  and  when  diluted  mth  a 
portion  of  atmospheric  air*  can  be  hmAai  ldn§tr  with 
safety.  It  does  net^  like  some  of  the  odier  .ehttttc  flatdib 
pvove  noadous  to  vsujetable  Itfe-}  some  pkntaciren  absorib 
it ;  and  there  are  observations  which  appear  topioi^^  iha^ 
it  oani  to  aceitain  extent,  sapp^  the  pbce  of  li^iasup- 
pccjking  vc^tation. 

Hydrogen  gas.is  not  aensibly  ab»rbed  by  water,  atlaaat 
unless  the  w^er  has  been  previoiisly  freed  from  the  atux^ 
spheric  airit*holds  dissolved ;  100  cid>ic  inches  of  it  tfaaoT 
thke  «p,  according  to  Henry's  esqierincients,  L5  of  iIk 
gas ;  by  applying  strong  pressure,  the  water  m^faeiasade 
to  abssvb  OBi&4tiard  of  its  voluine. 


Hydrogen  eaten  into  chemical  combinations  with  ot&er 
aubBtances^  principally  with  those  that  are  inflammabity  as 
.aulphur,  fdio^dioruB  and  carbon ;  it  also  dissolires  someof 
the  metals.  With  oxygen  it  fiorms  water,  with  nstro^en 
-ammonias  and  it  is  an  abundant  ingredient  in  the  yrege^ 
taUc  and  animal  products. 

It  is  disengaged  by  some  natural  processes,  thou^^  not 
purk^  Thus,  holding  carbon  dissolved,  it  rises  some- 
times firom  stagnant  water  in  which  vegetable  matter  is  di£> 
fused;  and  in  a  similar  state  of  composition  it  is  collected 
in  mines>  forming  what  has  been  named  Fire  Damp.  It 
has  been  suj^posed,  that  from  its  levity  it  may  be  accumib' 
lated  in  the  upp^r  regions  of  the  atmosphere,  and  that 
some  of  the  phenomena  of  meteorology  may  be  eoniiected 
with  its  action* 

The  recent  discoveries  in  chemistiy  have  suggested 
some  interesting  peculations  vtith  regard  to  the  nature  of 
^hydrogen, — a  singular  &ct  having  been  established,  wbich 
leads  to  tfae^ondosion,  that  its.  base  or  gravitating  matter 
is  of  a  nn^allic  nature.     The  substance  named  Anmiotnia 
'i$  a  compound  of  hydrogen  with  nitrogen.    When  this  m 
f^l^ced  in  contact  with  quicksilver,  negatively  electrified  in 
the  galvanic  current,  the  quicksilver  increases  rapidly  in  vo- 
lume, acquires  consistence,  and  becomes  at  lengdi  a  soft 
solid*    These  are  changes  stricdy  analogous  to  what  it 
•would  suffer  from  the  addition  of  metallic  matter,  and 
•they  can  scarcely  be  supposed  to  arise  firom  any  other 
csns&    They  lead  to  the  conclusion^  therefore,  that  the 
ammonia,  in  the  decomposition  it  suffers  in  the  galvanic 
circuit,  has  yielded  metallic  matter  to  the  quicksilver  i  tliis 


*1bast  Ibt  deri^  eithet  from  the  nitrogen  or  die  hfdtogeni 
which  are  the  elementa  of  the  ammonia.  Hydrogen  be' 
ing  inflammable,  may  be  supposed]  with  more  probebQityf 
to  be  aDied  to  metals,  and  the  results  therefore  afford  aomtf 
ground  for  the  conclusion,  either  that  its  grEvitatnig  ms^ 
tcr  is  metallic,  in  other  words  that  hydrogen  is  a  metal 
in  the  gaseous  form,  or  that  it  is  a  metal  in  some  state  of 
combination,  perhaps  in  an  oxidated  form.  Or,  firom  the 
ultimate  relath>n  which  appears  to  exist  between  hydrogen 

and  nitrogen,  both  may  be  compounds  of  the  fiame  metal- 

•        •       . 

lie  base. 

Mr  Davy  has  remarked,  that  even  a  different  view,  ex- 
tending  still  farther  the  relations  of  hydrogen,  may  be 
presented ;  that  it  may  be,  as  was  formerly  maintained  in 
the  discussion  of  tlie  antiphlogistic  theory,  the  common 
^principle  of  inflammables  and  of  metals,  forming  diem, 
when  combined  with  unknown  bases,  and  dins  addng 
in  opposition  to  oxygen.  This  receives  some  siljipait 
from  the  apparent  relations  of  those  principles  to  tbe  dift 
ierent  electrical  states.  <*  Oxygen  is  the  only  body  ^Mth 
Vran  be  supposed  to  be  elementary,  attracted  by  the  posi^ 
tive  surface  in  the  electrical  circuit;  and  all  compound 
bodies,  die  nature  of  which  is  known,  that  are  rftrtddd 
by  this  surface,  contain  a  considerable  proportion  ef  oxy* 
gen.  Hydrogen  is  the  only  matter  attracted  by  the  nega- 
tive surfiu^e,  which  can  be  conKidered  as  acting  the  eppo- 
-site  part  to  oxygen :  may  not  then  die  different  faiflammit* 
ble  bodies,  supposed  to  be  simple,  contain  this  as  a  com^ 
mon  element  ?^  But  to  these  speculations,  as  Mr  Davy 
has  justly  added,  not  much  importance  can  be  MsidlA 


<^*7lie*flge  of  diemiilay  10  not  yet  sufid^y  unai^  ftir 
soeh  disciwions ;  (he  more  $ublle  pofrers  of  matter  ar^ 
but  jttflt  bi^gisuui^  to  be  oonaidered ;  and  all  general  view^ 
Mnceming  them  moBt  aa  yet  rest  upcA  &d>Ie  and  imper^ 
ftel 
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,T9£  composilkm  of  waler  baa  been  inferred  both  from 
dmtijlfAu  nod  qmfliefia.  Wfaen  faydiogen  gaa  la  bnm^  an 
«pftatieii  Biivhicb  of  <oiixBe  ovqrgeii  is  combined  with  it^ 
iffwla^  is  ^  csif  aensibie  product^  and  when  water  ia 
Mted  flu  hj  awbstianpfi?  capable  of  sttractii^  oxygen,  these 
me  mNMlBdf  watir  disappears,  ^.  hydrpgen  gas  ia 
ewjytd  Fusan  4heae  Acts,  the  cmxciaiion  was  drawn 
Miffly  Hi  dir  6|yiee  period  by  Cavendish  and  Watt,  thel 
wntgi  t»  amnpoinwl  of  hydrogen  aiad  oii^geBi  ai)d  thr 
eapeiMnenlt  ^  brmmg  wster  by  bumii^  hydpqg^  gas^ 
WM  te«a(iaM4qr  4he  foTflMT  pbifesopher  on  «  eonsideri^ 
sistlia'  >  l^hos  Mnqe  feem  «iftw  c(|>eated»  and  with  4he  eir 
nHMt'jilti9lt|rai  «a  lojijha  prcportiuwa  and  4he  aeoaracy  nf 
thatesnlts. 

This  was  naeeisaty,  not  only  from  the  in^ortanoe  ^ 
iw  qneitiei  jp  ks/^eifitiiaaa  to  ebemioal  -theory ,  byt  also  as 


^ 
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meaty  yAiA  retpand  to  be  cipcidateA  In  |MHlinJar>  it 
UPtt  Q|Mer¥ed>  tlMt  «ii  tind  it  freqacntlf  fanMd  dfangsf 
vilk  iite  water ;  atid  siyme  w«re  diqxitted  to  cimelttde,  iIm* 
this  is  the  real  product,  and  that  the  water  is  oi^  mt^ 
TiHtiUmit,  being  tho  ttioistiire  deposited,  which  had  been 
hdU  dweohred  by  the  gases.  Therepetitioii  of  theexperi«» 
rasat,  however 9  dHc(ieeM4  die  or^jii  of  this  acid.  It  was 
fbottd  to  be  genenBy  the  nitric  t  tiiis  acid  is  a  compound 
of  civfgen  and  nitrogen^  and  had  therefbffe  been  ibnned 
fiom  nitrogen,  whidi  had  been  mixed  with  the  gases,  anA 
^ham  which  indeed  it  is  difficult  to  proenre  them  «ntunely 
free.  Sasaetnnes  die  acid  appeared  to  be  the  carbonic^ 
and  this  had  obviously  been  derived  from  a  smaD  portion 
of  caibon  held  ^fodved  by  the  hydrogen,  derired  from 
the  wmtpftah  from  wUeh  it  had  been  obtemed.  MHieii' 
these  sources,  ef  fidbcy  are  guarded  against,  the  water 
fiswnied  in  the  oonibnrtm  is  perfectly  pm«^  asid  the  we^ 
of  it  amounts  exactly  to  the  weight  of  die  hydrogen  aaA 
oaEygen  gases  oonsumcd.  This  has  ^een  eitablished  by  re- 
peated experimems,  made  on  a  large  soale^  and  with  dw: 
greatest  care« 

.  The  oomiyskian  of  water  has  also  been  ertabJKshpdby 
analytic  espefffanents.  When  transmitted  over  iron  at  a 
red  heat,  the  iron  is  oxidated,  and  hydrogen  gis-is  dis* 
esgaged.  And  it  has  fiuther  been  proved,  that  the  quan« 
^  of  liydrogSD,  added  to  the  inctease  of  wet^.twhidi 
the  iron  gains,  corresponds  witlffhe  quantity  of  wata* 
which  disappears* 

Ftom  diese  cKperimesits,  syndielic  and  analytic,  the 


proppitioiu  bf  the  two  guses^  Whidi  naifte  to 
have  ]be«n  determiojMi;  Esdiidiiig  firadiQiMl 
from  4ie  nature  of  the  experinMity  caimot^  be  of  aajr* 
poitaitoe^  they  nay  be  fixed  at  15  of  hydfogen  Isy 
omi  95  of  oxygoii  , 

The  action  of  dectaridty  affi>idt  a  mode  oC 
iwAter  into  lis  oonstitiusit  gases,  and  of  coiahiiiWigAaae 
again  so  as  to  repnodace  it.  When  an  inlean|rted 
cai  discharge,  from  a  coated  jar,  ia  transDikted  by* 
placed  at  a  short  distance,  tiifough  a  cohono  of 
Aere  is  a  prodnctbn  of  aariferm  fluid  i  and 
repeated  disdiarges  this  has  aecuBwIated  in 
quantky  to  be  exatnined,  it  is  found  to  ooniat  of  oxy^n 
and  hydrogen  gases :  henee,  when  the  dcctiic  spaaic  ia 
taken  in  it,  it  immediately  disappears  wUh  inflanmilni  $ 
the  tvo  gases  being  combined,  and  ^sralier  again  fafaed> 
Tlie  experiment,  as  a  proof  of  Ae  conipositwi  cf  ssafeer^ 
is  so  6ar  satisfiMtety,  as  the  resoks  are  obtained  wsduait 
die  intervention  of  any  tither  ponderiMa  natter. 

Lastly,  the  aoti<m  of  electricity,  in  die  foosiof  gsiws 
nim,  has  aflferded  similar  results,  connected  also  honeaei' 
trith  peculiar  phenomena,  which  require  to  be  ataled 
more  particidariy,  as  it. is  from  them  that  ^onhts  hare 
been  suggested,  whether  the  theory  with  legud  to  die 
cw3iposition  of  water  is  just* 

If  in  a  quantity  of.waterin  a  glass  tube  a  wire  cenneit- 
ed  widi  the  positive  side  .<^. a  ^banic  battery,  and  an- 
odier  vnfe  firpm  the  n€§Kv^  side  be  inserted,  emptoyiag 
metals  which  are  not  susceptible  of  oxidatkm,  as  gcdd-or 
platana,  and  bringing  the  eitr^tiei  pf  die  wineatojA^ 
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Aihmceef  about  half  aninck  fromeadi  other,  aatream 
of  gas  iwmifldifrtely  .ariaas  fiom  eaefa>  and  this  contii^pes 
«rhye;tfae  gahnnic  action  is  kept  4&p^  imtily  by  the  acoimu- 
JstaoBrcf  doatic'fluid,  the  water  ia  dqiressed^beDeadi  thd 
extremity  of  the  upper  »wire.  When  this  aerial  flmid  is 
flKamined,  it  is  fcund  to  consist  of  oxygen  and  hydrogod, 
in  tthr'  pKopoitions  which  fform  ^ater, .  and  by  transmitting 
.llie>galfaBic  gptak  through  it,  it  is  again  oonverted  into 


;  la  this  aqfieriment  is  presented  a  phenomenon  vAikSk 
qppeaxa  at  first  view  singular.  If  the  evolntion  of  elastje 
flcid  arise  frmn  the  decomposition  of  waterf  it  nn^t  be 
cspected  that  the  etceaents  must  be  e?ol?ed  together,  and 
that  of  course  a  stream- of  oaiygen  and  of  hydrogen  gases 
shall  arise  from  each  wire*  Onmsikuig  the  «9EperiaMnt, 
hoiseifer,  so  that  the  gas  Aosn  ^e  wires  shall  be  obtained 
separate,  as  is  easly  done  by  inserting  each  in  a  sqia^ 
vate  tahe,  either  pUced  in  the  same  vessel  of  water,  as 
represented  Fig*  25.  or  even  .connected  only  by  a  huipid 
pooductoff,  or  by  4he  interpasitioa  of  certain  liquids,  it  is 
femd,  that -the  gas  fit>m  the  one  wire,  that  connected 
with  the  positive  -side  of  the  galvanic  battery,  is  osgrgan, 
that  ,firom  tiie  odier  or  n/^ative  side  is  hydrogen,  and 
eadi  is  perfectlypture,  if  care  has  been  taken  to  free  the  ¥fa» 
tcr  from  the  atmospheric  ai^  it  holds  dissolved.  Theelfr- 
msnto.of  the  wator  ane  evolved  therefore  at  separate,  and 
0ven.«t  distant  poioAai  and  the  question  that  obviously 
presents  itself  is,,  what  becomes  of  the  oxygen  at  the  wire 
wliere  die  hydrogen  is  evolved,  and  what  becomes  of  th^ 
,  hydrogen  where  the  oisg^gen  ii  given  out  ?. 
Vol.  I.  U 
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To  «olye  tltts  queslktiiy  tanoua  hypotttfyn  wexB  pr»-^ 
|i9ted*     It  was  fUf^iOBed  tliat  vater^  in  common  with 
oth^  oompoimcb)  is  capable  of  oombinii^  wkb  aa-^soctf 
of  either  of  its  iagredieiilsy  and  that  m  thia  eapecunant  k 
ma^  remain  with  such  an  excess  at  each  ware,  widi  an  ez^ 
cess  of  hydrogen  at  the  wire  where  oiqrgeii  is  evohred,  and 
wjjth  an  excess  of  oxygen  at  tb^  win  where  bjdrogen  is 
disei)gif[ed»**-*«tth3r|iothesb  liable  to  the  obvious  otsfBctUin^ 
that  when  the  portions  of  water!  are  in  sq^arate  vessi^ 
Oonhected  only  by  a  humid  conductor,  this  must  base  « 
Umit,  and  that  the  properties  6(  the  wateft  from  sodi 
chaogas  of  oomposition^  must  aoon  suffisr  inqiortant  chan- 
ges*   By  other  ohemistsy  it  was  imagined^  that  the  prin^ 
c^ks  of  the  decomposed  water  axe  oonTeyed  by  the  gd* 
tanic  influence  to  these  distant  pojnts.    How  this  was 
Aoeomplished*  Was  never,  however,  i;ery  well  explatngd  | 
and  the  improbable  hypothesis  was  even  adYsaoed,  that  it 
might  be  by  the  direct  ODmbmatkm  of  the  principle  of 
gahaniam  either  with  oxygen  or  hydrogen.    Mr  Davy  at 
length  shewed,  that  this  is  merely  a  case  of  the  geDesmI, 
law  by  which  the  deconqpositions  from  galvanic  infloenoe 
dfe  produced;  that  certain  sufaslances  are,  from  their  po» 
tuiisa:  relations  to  electricity,  attracted  to  the  positive,  and 
fuelled  from  the  negative  pole  of  a  galvanic  series,  while 
others  are  attracted  to  the  negative^  and  rg>eUed  from  die 
positive  pole  $  oxygen  and  adds  bekmgii^  to  the  former 
^dass,  hydit]f|en,  and  in  general  inflammable  substanosB, 
as  well  as  alkalis  and  earths,   belDdflimr  to  the  latter. 
When  water,  thenefore,  is  subnutted  to  the  action  of  gal- 
vanism, the  oxygen  of  a  pcnrtion  of  it  is,  in  confimnity  to  , 
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this  low,  attracted  to  tht^  poshive  sidei  and  the  Irfirogeti 
is  irep^eA :  the  reverse  ef  thin  happens  at  the  negative 
side,  die  hydrogen  isathfacted^  and  thd  oxygen  tepeU^j 
the  decail4K)sition  <!>f  the  wat^r  k  therefer^  the  result,  each 
of  its  elenients  is  broiight  to  the  wire  ih  connection  with 
that  side  of  the  gahrahie  series  to  Which  It  is  attractedi  alld 
«8  it  cannot  ent^  iStii  w&e,  it  there  asstinies  the  elasti^d 
fomt.  The  e^id^ee  M  whidi  this  law  rests,  hAs  been  al^ 
ready  stated,  and  it  aS>rds  a  sufficient  expIiUiation  of  thb 
p>  .ifbmenos. 

Some  chemists,  however,  have  propdsed  a  theoretical 
view  of  this  subject  altogether  different.  It  has  been  re- 
marked, that  water  may  not  be  a  compound,  but  a  simple 
body  assuming  the  forms  of  oxygen  and  of  hydrogen  ac- 
cording to  its  electrical  states.  When  rendered  positively 
electrical,  it  wiOfoito  hydrogen  gas ;  When  in  the  opposite 
<yr  negative  state,  it  will  constitute  oxygen;  and  wheii 
brought  within  the  sphere  of  action  in  these  forms,  the 
two  electrical  states  will  be  subverted,  the  e<juilibrium 
established,  atid  water  will  be  reproduced. 

It  is  difficult  to  prove  the  impossibility  of  an  hypothesis  of 
this  nature,  but  it  forms  perhaps  a  sufficient  objection  to  it, 
that  it  has  nodbdog  peculiar  for  its  support  Were  water 
the  Gvfy  substance  suflfering  sudi  changes  when  submitted 
to  galvanic  ac£on,  this  would  afibrdsome grounds  &r  such 
a  conclusion ;  biit  all  compound  substances  suflfer  cibanges 
equally  important ;  they  appear  under  the  form  of  new 
substances,  or  axe  converted  into  what  we  r^ard  as  their 
coilstitueht  prfifciples«  To  cionsider  ibese  principles  as 
*  idle  compound  in  different  electrical  states,  would  bcf  an 
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extension  of  the  theory  extravagant  and  abrardt  yet  there  is 
no  reason  why  it  should  be  limited  to  water^  since  (here  is 
nothing  pecoliar  in  its  apparent  production  cht  deoompoai-' 
lion*  Its  conTenion  into  oxygen  and  hydrogen,  by  the 
action  of  galyanian,  is  exactly  similar  to  the  ocmvernon  of 
sulphate  of  potash  into  sul^ufic  acid  and  potash  bj^e 
same  action :  the  conclusion,  that  the  water  i^  a  oompoond 
of  these  principles,  rests  preciaeiy  on  the  siyne  grpiuids  tm 
the'  conohisioii  that  the  conqx>uiid  salt  consists  of  the  acid 
and  the  potash,  and- both  rest  on  evidence  as  direct  as  caq 
be  adduced  in*  support  of  any  chemical  fact*. 


*  Ritter,  by  whom  this  theory  of  water,  being  a  simple  sub^, 
stance  appearing  under  the  forms  o^  oxygen  and  hydrogen,  ac- 
cording to  its  electrical  states,  was  maintained,  has  stated,  that 
when  a  wire  attached  to  the  positive  side  of  a  galvanic  bat- 
tery is  placed  in  water  in  a  tube,  and  a  wire  fmm  the  nega- 
tive sidp  is  placed  in  another  portion  of  water  in  another 
tube,  ^d  when  thes^  are  connected,  not  by  placing  them  iti 
a  vessel  of  water,  but  in  separate  vessels  c<mnected  by  a. 
metallic  wire,  the  usual  phenomena  are  produced,  and  tba 
oxygen  is  evolved  at  one  wire»  the  .hydrogen  at  tbe  other. 
Now,  although  it  may  be  supposed,  that  petioles  of  oxy- 
gen and  hydrogen  may  be  conveyed  to  distant  points  by  power- 
ful attracting  or  rtpeUing  forces  through  water,  it  can  scarcely 
be  conceived,  ^bat  th^y  shall  l>e  capable  of  being  conveyed  thi6' 
tht  wire  of  metal«  which  in  this  experiment  foruis  tbe  medium 
of  coonectioD  between  the  two  portions  of  water ;  and  hence  the 
result,  Ritter  concludes,  establishes  the  conclusion,  that  the  com* 
municaUon  merely  of  positive  and  negative  electricity  to  water 
(the  metallic  wire  in  this  case  campleting  tba  circuit)  Taases  it 
ta  assume  thase  forms.  Were.thc^  fact  as  it  is  stated,  the  cooclu* 
lion  would  perhaps  follaw.  1  have  found,  however,  on  noaking 
the  experiment,  that  it  is  a  ii|(^e  deception.    The  connectiDg 
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It  was  at  one  time  supppsedj  that  in  the  decomposition 
of  water  by  galvanism,  there  is  a  formation  of  new  pro- 
ducts: a  portion  of  acid  frequently  was  obsenred  to  be 
formed  at  the  positive  wire,  and  of  alkali  at  the  n^adve 
wire.  The  origin  of4he8e,  however,  has  been  suffidentty 
traced.  Tliey  are  in  general  derived  fix>m  the  small  por« 
tion  of  saline  matter  which  water  holds  dissolved,  and 
from  whidi  it  is  not  even  perfectly  freed  by  one  dis- 
tillation, the  acid  of  which  is  attracted  to  the  one  wire, 
the  base  to  the  .other ;  and  as  these  attractive  powers  are^ 
so  strong,  the  most  minute  quantities  are  rendered  senai- 
Me.  From  the  same  circumstance,  even  the  containing 
vessel  is  sometimes  acted  on';  and  the  atmospheric  air, 
held  dissolved  by  water,  has  some  influence,  its  nitrogen, 


wire  becomes  a"  galvanic  one,  and  its  two  extremities  becoming 
ekcCrical,  by  what  electricians  have  denominated  position  or  in*i 
diiction,  are  in  states  of  electricity  the  reverse  of  the  galvanic  wires 
in  the  tabes;  and  hence  oxygen  and  hydrogen  are  evolved  at  their 
extremities,  corresponding  with  the  hydrogen  and  oxygen  evolved 
at  the  others ;  the  extremity  of  the  connectiiig  wire,  for  example, 
in-  the  tube  in  which  the  pQsiiive  galvanic  wire  is  inserted,  being 
negatipe^  and  giving  out  hydrogen,  .corresponding  to  the  oxygen 
which  appears  at  that  wire,  and  its  other  extremity  in  the' tube 
in  which  the  negative  wire  is  inserted  being  pasUive^  and  there- 
fbre  giving  off  oxygen,  corresponding  to  the  hydrogen  which  ap- 
pears at  that  wire.  The  effect,  I  have  fiirther  found,  is  exactly 
the  same  in  the  decomposition  of  a  compound  salt,  acid  being  col- 
lecled  at  the  extremity  of  the  positive  galvanic  wire,  and  alkali 
at  the  extremity  of  the  negative  galvanic  wire  in  the  different 
tubes,  but  the  corresponding  portions  of  alkali  and  acid  appearing 
at  the  same  time  at  the  extremities  of  the  coniiectin^  wire. 
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by  oombimng  vkh  the  mneent  axygen  At  the  |iMi6ve 
pok,  fonqipg  nitric  acid^  and  comhuaing  in  like  mtaimk 
with  the  iififloe&t  hydrogen  at  the  negative  pole,  andfiunitp 
ing  ammpnia.  But  wimn  tjiese  spinrces  of  faUac^F  aKe 
avoidedf  th^  wiiter,  |i|r  Qhyj  has  iHewn,  ramAias  pave  to 
the  end  of  the  evpeKumnt^  and  k  lesolted  iilto  oaygui 
and  hjdrogfin  akoie. 

•  •  Water,  at  a  chaiiueal  agent,)  has  qualities  eifl;i:)eniely  pe- 
culiar. It  aflbrdf  ibe  e^^omple  of  an  inflawnable  baae 
saturated  with  e&}^^,  forming  a  produet  whii^  b«a  no 
acidity*  Besides  thiSf  though  its  affinities  are  «|trein^ 
numerous^  they  i^e  seldom  energetic  i  and  henee  b|  geaoe* 
ral  it  combines  wi0i  bodiesi  without  nuiteria%  rlmngiiy 
their  qualities^  and  by  communicatmg  Av6^^  to  soBds^ 
without  modifying  much  their  chemical  rdadons,  favoozs 
their  mutual  actions.  * 

It  is  tasteless,  odourless,  and.inodomus.  Itpaneato 
the  solid,  state  at  U^  of  Fahrmheit,  and  in  doiBg  ao 
crystallizes,  spicute  diooting  out  at  a  certain  angle,  and 
of  a  prismatic  form :  by  the  continuance  of  the  oongda- 
tion,  the  vacuities  are  filled  up*  but  the  mass  remaina 
transparent,  and  is  hard  and  brittle.  In  congealing^  tbde 
is,  as  has  been  ah*eady  stated,  an  enlargement  of  vnhime^ 
and  this  eaqpansion  even  takes  place  previous  to  the  con* 
gelation,  during  the  reduction  of  temperature,  for  six  or 
eight  degi^ees,  the  greatest  d^isity  of  water  bong,  abont 
40*.  In  the  act  of  freeeing>  too,  the  greater  part  of  the 
air  which  iJie  water  holds  loosely  dissolved  is  expelled. 

Water  passes  into  vapour  when,  ei^posed  to  the  atmos- 
phere at  any  natural  temperature^  wd  exen  ice  evapcv 


nrtfi^  tft  10  peoved  by  il$  kiing-wvi^t  when  niqpakled  in 
ttlChMr*  The  tmiiMtioii  into  vapour  19  ppnofaoted  by  heat} 
aft  2I8^«  niidef  a  mediiila  atmcMDlifiiic  nraiiire.  vatar 
bmfak  Ito  vapour  at  tbii  tempenifture  is  permanent^  trans- 
poNBity  and  invisible ;  wbea  CDndenfliD|[)  it  becomepi 
from  die  approximntion  of  the  partidcs,  opaque.  It  occu* 
pies  1800  times  the  spqiee  which  it  fiUs  when  in  the  state 
of  wateri  and  has  a  qpecifio  gravity  to  that  of  atmosphefio 
air  at  the  siime  tenq90atiire  as  10  to  14<  It  exerts  |i  gre^t 
iegms  of  dastic  power^  and  its  elastioitjr  increases  in  a 
high  ratio  by  elevation  of  temperatnre. 

Water  absorbs  the  aerial  fluid%  but  in  quantities  vny 
JittriMl  J  aecordingto  the  force  of  attraction  yfaidt  it  enerti 
tdvrards  them.  Of  some  <^  the  acid  gases,  it  absorbn 
many  times  its  own  vohime^  of  4)tliers  the  quantity ,is  so 
inconsiderable  as  not  to  be  very  perceptibje,  unless  fKMe»* 
tuned  by  «n  apparatus  adapted  to  shew  the  result  Tha 
quantitiea-absorbed  are  greater  as  th^  temperature  is  loW) 
down  to  fireeai]^,  when  the  ephesion  of  the  poMd,  weefcen** 
iag  the  affinity,  the  ajMal  matter  is  eaprfled.  They  are 
also  augmented  by  pressure,  ancl>  aecording  to  4  vory  sim- 
pler few  stated  by  Dr  H^niy,  as  the  rssult  of  his  researches 
on  dus  subject,  U  Water  takes  up  in  ail  cases,  under  equal 
eircumstanoes  oT  temperature,  ihe  same  volume  of  eon* 
densed  gas,  as  of  gas  under  ordinsfy  pressor^/*  To 
wliateyer  degree  of  density,  ther^bre,  the  elastic  ftdd  is 
faroni^  by  pressare,  the  same  vohime  of  it  is  still  absorb* 
ed|  and  benoe,  1^  incraosiBg  pressnrei  #  tevge  quantity  of 
the  aalid  or  gravitating  matter  of  the  gas  may  be  foroeil 
into  the  water.    It  is  singular^  that  water  thu»  impr#{^ 
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Bflted  by  preunre  with  Lu^  qoantifies  of  the  gaM,  "WhAAr 
under  the  mere  pressure  of  the  atmogphere  it  absorti*^ 
qsaringly,  dc^es  not  suflfer  much  diange  in  its  qualities. 
•    This  abfiorpdon  of  gases  by  wata;,  so  far  at  least  as  re^ 
gards  those  which  require  pressure  to  cause  their  abaotfp* 
tion  in  any  sensiUe  quantify  has  been  supposed  by  Mr 
.Dalton  to  be  a  mere  medianical  efifect,  the  gaa^ben^ 
forced  as  it  were  into  the  interstices  of  the  wate^  by  tfie 
pressure  appUed.     It  is  rather  to  be  r^gasded,  howeiver,  ar 
arising  primarily  fiiom  the  affinity  exerted  by  the  water  fo- 
the  particles  of  the  aenform  fluid.     Thn  is  counieraetod  bf 
die  elasticity  of  the  gas,  and  not  being  strong  it  cumot  o> 
perate  with  much  eflfisct  Pressure  counteracts  dnsdaslki^ 
ty,  hence,  lessens  the  resistance  opposed  to  the  coBfaioa* 
tion,  and,  ojpergting  like  reduction  of  temperalnKe,  cauaea 
a  larger  quantity  to  be  absorbed.-    We  acooidingfy  &ad^ 
that  in  those  cases  where  theexevtion  <^an;  dbiity  by  tfas 
water  to  tiie  gravitating  partidet  of  the  gas  ib  unAwtofeedy 
as  in  the  example  of  muriatic  acid  gas,  piessureie  equally  cfr* 
fectual  in  promoting  the  absorption :  and  ake  what  is  i& 
conformity  to  this  view,  that  even  in  those  gases  the  ab-^ 
sorption  of  which  is  inconsiderable,  tiie  quantities  absMiK 
ed  are  diflferent  under" the  same  pres8ure,^-«  diflSsMBce 
which  can  onfy  be  ascribed  to  the  diflEerelit  foEoes*  of  aff^ 
nity  exerted  to  them  by  the  water. 
.    There  are 'some  important  fiicts  with  regard  to  the  reli^ 
tions  of  water  to  the  aerial  flaids  in  their  AecvfitioB* 
Thus,  £rom  tiie  affinities  it  exerts  to  all  of  thma, .  however 
weaki  if  it  be  agitated  witii  a  mixture  of  two  or  tnore  ga- 
s^>  portions  of  both  will  always  be  absosbed,  the  same  aa 
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if  tfiey  were  pcesetited  to  it  separately  in  their  {unoper  dten^ 
sjty;  the  qnaiittty  diere&re  being  greatest  of  that  which 
aqparat^  is  most  largely  afasoffaed  by  water.  Or^  if  Wa- 
ter has  been  previously  impregnated  witb  one  gasj  on  agiU 
tating  it  withanotber,  a  portion  of  the  latter  wiB  be  ab-. 
sorbedy  and  a  portion  of  the  former  displaced.  Henoe,  as 
waler.  nsvaQy  contains  a  portion  of  atmoqpheric  air,  in  ex* 
posing  any  gas  to  an  extenaiTe  sur&ce  of  it^  and  stiUnlore 
in  fgptft'"g  any  gas  .with  ity  while  a  quantity  <of  this  is  ab^ 
sorbedi  is  portion  of  the  air  the  water  holds  dissolved  will 
be  separated,  and  added  to  the  residual  gas,  whence  fre- 
^lently  sources  of  error  have  arisen  in  demical  esperi- 
ment ;  oxygen  g^s,  fiur  example^  if  kept  in  ajar  suixound- 
ed  with  water  eaqposed  to  the  air,  will  soon  hare  an  inter* 
misctuse  of  atmoqpheric  air  \  and  indeed  all  gases  long  ex-*- 
poaed  in  this  miaasitf  have^  similar  intermixture  from  the 
water  yidding  its  air. 

Water  which  has  been  exposed  to  the  atmoq>hare  al* 
ways  ccntftins  portians^  of  both  of  its  constituent  gases  f 
but  the  oxygen  appears  to  be  afaaorbed  in  preference  to  the 
nitrogen,  and  in  larger  quantity.  ,  Hence  by  agitating  at- 
mospheric air  with  a  large  porticui  of  water,  or  passing  it 
^iifpeatetMy  through  a  cokonn  of  water,  the  greater  part  of 
its  oxygen  is  abstracted.  The  presence  of  oxygen  loosdy 
condlined  in  water,  is  usually  shewn  by  dietest  of  sulphate' 
oSiron^  the  oxide  of  iron  which  is  the  baseofthis  salt,  at- 
tracting this  portion  of  loose  ox!^^,  whence  becoming  in-- 
aabiUe,  it  is  precipitated,  and  forms  a  yeUow  sediment :« 
this  precipitation  seems  also,  however,  to  be  in  partowin^ 
lo.the  dnxBDiHisition  of  the  salt  by  the  affinity  of  the  wft?^ 
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to  la  iU  ittid^  aided  by  it»  qunli^*  Tk»  partuB  {^  j^ 
heU  4&ioh^  by  wiler  19  expeBed  iri& difflci^  ItisiB 
p«K|  femoved  by  xemomg  tlw  atraoqpfaerkpiGwaely  tkr 
atf^umpf  by  Mvoig  bcoliiig^  wmd  by  fiMsa^  tuft  purt  of 
it  is  8l31  retained.  It  is  jather  abgidar  too  dwt  die  oitiob- 
gmappears  to  be  retained  with  gfeateotfiupcew  fi^ttoya^ 
water  freed  aa  laoch  aa  poaible  from  «r  by  boiliiig,  wgai 
by  tho  air-pimuif  an  deotrical  diacharga  bd  tranamittrd^  o 
sasaO  portion  of  pitgayn  is  disengngedj  aloi^  mdk  the 
oxygen  and  hydrogen  evolved  from  the  decoaiyneitfcai  oC 
water>  as  Sr  Peanoo  fimnd  in  his  experaaents.  A^  ia 
frtteaiBg  water  which  had  been  preriously  freed  wmiiaha^ 
possible  from  air  by  bodKDg^  the  air  dis^gPflad  ifff  iM?(?ord- 
iog  to  the  cxpennenta  of  Priestky,  nititogeii,  eBpnriaBy 
when  the  freeiiog  of  the  same  portioa  of  water  has  beeft 
rspeatsdly  pcrfiirmed.  Ritter^^  the  oosrtraiyt  has  iiifiaa*- 
redfrom  some  experiments^  that  the  air  disrpgigm?  in  the 
fi^eesnt^  of  water  ia  oxygen,  evolved  Snjm  deoomposl- 
tiaOf  andlhal  ice  has  therc&n^  an  eKaesaofli^NlrogeD.  Mr 
Davy  has  more  lately  jfhnndi  that  thij^  air  is  atmsaobeCK 
ain  and  that  the  production  <^  it  does  not  take  jplaca  in 
die  nnhniited  manner  which  had  been  ranaensed  bw 
FriestkQr,  bnt  ceases  dier  the  freeai^g  has  been  n|iealed 
three  or  four  times.  Water  mdted  from  anow  with  the 
enchision  of  the  atnuupheso,  appears  to, be  nearly  fioe|bam 
air*  Rain  water,  and  wperiaHy  dew,  have,  on  4he  ooi^ 
traiy,  been  supposed  to  llr  satnrated  with  air.  Sjpriii^  win> 
ter»  besides  the  atmoyheric  air  it  holds  dissotvedt  ivy^i^ 
t  portion  of  carbonic  aeid. 
Water  is  contained  in  aQ  Uie  elastic  flnids,  deiived  ei<- 
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Aor  i^mk ^iftpkoriak  frpqi  vtiic^  tbq^  htvf^  hen 
.  wteclt  or  that  tlircnigh  which  they  have  been  tranaaittoi. 
It  mciits  Mi  than  m  Ae  state  of  vapour,  probably  weyki^ 
CQBibmecli  and  is  capable  of  bong  ooiidaiiied»  in  p$x%  M 
leaatyby  oald,  iwidof  bong  abstracted  by  suhstmces  exert* 
ing  m  attraction  to  it}  as  by  su^huric  acid  or  lime.    But 
men  when  ah^ltaoled  as  inaoh  a»  possible  bjr  the  action  of 
these  substance^,  it  has  been  supposed  that  a  portion  is  re- 
fained  by  a  stronger  farce ;  and  diesre  are  fiicts  which  ap« 
pear  to  proira,  that  in  some  gases  at  least,  the  quantity  of 
O         4his  is  ccHisidendde^  and  is  esMitial  even  to  their  existence 
in  the  aeriform  state.    This  is  a  question  at  present  of 
muck  interest,  btit  not  easily  determined. 
.   A  aiof;iiIar  Act,  from  which  this  coaefaiaion  widi  regard 
to  the  existence  of  combined  water  in  aefial  fiuids  baa 
been  drawn,  is,  that  in  compoanda  in  which  these  gases  ex* 
ist  in  a  dry  state,  die  gas  cannot  be  dMengaged  by  heat 
nnlds^  water  be  supplied    Thir  is  the  ewe  with  thenalive 
caibonateofbaxytesoroflime;  and  from  the  former^  even 
Ibc  carbcmic  aiad  is  very  inq|)erfeotfy  disen^^^ 
unless  jt  be  £hrted  with  ifKQter,    Fn^m.beth  ftcts  it  has 
been  infevred,  that  water  is  esseirtiai  to  the  coostiMttion  of 
earibonio  acid  gas^— «an  inference  whidi  may  be  just  to  a 
certain  extent,  though  it  b  also  possible  tfai^  the  operation 
of  the  Water  maj  be  not  aitageAer  on  the  gas,  but  on  the 
base  whh  which  it  is  combined,'  &Tmiring  its  disei^gage- 
ment  fay  the  attracticm  it  exerts  fo  thai  ^nse. 
'  AfioAet  6ct  in  favour  df  the  aame  oomtosion  is  the 
diseRgagemenl  of  hydrogen  from  certaiii  gases,  whm  th€(f 
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are  submitted  to  the  action  of  the  electric  qpark,  alter 
they  have  been  rendered  as  dry  as  possible.  In  some  of 
these  experiments,  indeed,  those  where  the  carburetted 
hydrogen  gases  were  operated  on,  it  now  appears  diat  the 
fiict  had  not  \teen  accurately  observed,  the  phenomena 
whence  the  evolution  of  hydrogen  had  been  inferred  besng 
owing  to  the  decomposition  of  the  gas  itself;  but  there  are 
others  free  from  this  ambiguity,  muriatic- acid  gas,  for  ex^ 
ample,  affording  about  -^  of  its  volume  of  hydrogen  gas, 
on  being  submitted*  to  the  action  of  the  electric  spark,  af- 
ter it  has  been  exposed  to  muriate  of  lime  to  abstract  il9 
water. 

The  facts  more  recently  established,  with  n^ard  to  the 
relation  of  muriatic  acid  to  water,  appear  to  prove  stiO^ 
more  clearly  the  necessity  of  water  to  its  existence  in  the 
gaseous  form.  Thus  Gay  Lussac  and  Davy  fennd,  that 
this  acid  could  not  be  disengaged  from  its  combinadons 
fay  a  dry  acid  with  the  aid  of  heat,  from  muriate  of  hme 
for  example,  by  jdiosphoric  or  boradc  add,  while  if  w»» . 
ter  were  added,  it  was  disengaged  in  large  quantity.  Tl|f 
gas  itself  too,  rendered  as  dry  a^  possible,  on  being  submifr- 
ted  to  the  action  of  potassium,  afforded  hydrogen  in  sudb 
quantity,  that  Mr  Davy  inferred,  first,  that  it  must  con- 
tain at  least  one-tenth  of  its  weight  of  water,  and  aftov 
wards  that  the  quantity  ratist  amount  even  to  one^third  of 
its  weight.  These  latter  facts  may  indeed  admit  of  a  di& 
ferent  explanation  on  the  new  theory  which  Mr  Davy  has 
given  of  the  constitution  of  muriatic  add ;  but  tfaat.tlu^oxy 
0m  scarcely  be  regarded  as  estaUished ;  and  the  fiiots  aie 
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on  the  whdfi  fevouraUe  to  the  condufUMiy  that  iq  gtteSy 
and  particuhurly  in  tfaoci^  the  gravitating  matter  of  wjiich 
has  a  strong  attraction  to  water »  a«consideraUe  portion  of 
this  fluid  exists,  and  is  necessary  to  their  transition  to  this 
state.  The,  still  more  singular  fact  appears  eren  to  be 
established^  that  it  is  necessary  to  the  development  of  their 
add  powers.  This,  however,  will  form  a  subject  of  con« 
gideration  under  the  history  of  muriatic  acid* 

Water  jLs  the  general  solvent  of  saline  substances,  and  ill 
those  of  them  whi&h  jcrystaUize^  it  is  always  retained,  form- 
ing a  part  of  the  substance  of  the  crystal.  It  is  capable  of 
difisplving  the  eacths,  som6  of  them  in  oon8iderid>le  (juantif 
ty,  particularly  baryties  and  strontites  i  the  others  more  spa- 
ringly. Even  those  earths  and  stones  which  it  cannot  dis* 
solve,  it  wears  away  and  reduces  to  a  state  of  epjfo^e  di- 
vision, partly  by  attrition,  and  partly  by  its  Chemical 
powers.  Hence  it  acts  even  on  glass,  especially  when  aid- 
ed by  a  high  temperature, — a  £ict  which  at  one  time  j^ve 
rise  to  the  opinion  that  it  is  convertible  into  earth^^  a  por-% 
tion  of  earth  being  always  left  when  it  is  distilled  from 
^ass  ve^els. 

Water,  though  incapable  of  combining  with  the  metals, 
exerts  a  chemical  action  upon  them,  afibrding  to  several  of 
than  oxygen  at  the  temperature  of  ignition ;  and  at  a  na* 
tural  temperature,  aided  by  atmospheric  air,  oxidating  or 
corroding  others.  At  a  high  temperature  it  is  decompo» 
aed  by  charcoal  and  sulphur,  which  receive  from  it  oxygen. 

Water  is  a  solvent  of  many  other  substances.  Few  of 
f^e  Animal  or  vegetable  products  are  insoluble  in  it,  and  fH 
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«r  Aem  Bfe  dfeetcd  ^  it  tti  a  chemieal  Bgentt  ittiemii^ 
from  it  o&yg^,  or  the  re-aAdeil  c^  their  constihieut  priil^ 
e^Ies  being  fntmioted  by  the  fluidity  it  eoniiiiauiicates,  86 
A9  to  gife  rise  to  ^poManeoils  decoinpoeition. 

From  the  eartentive  solvekit  power  of  water,  it  is  scarce^ 
Jj  ever  met  with  pure  in  nature*  Every  kind  of  spn^or 
riter  water  is  impregnated  widi  saline  and  earthy  bodiei 
<^  different  kiiiiSs.  Spring  wat^  contains,  according  to 
Befgman,  caibonate  of  Kme,  touriate  of  lime^  wad  mmiatie 
of  soda;  liter  water  contains  carbonate  of  fine,  matwte 
ofsocby  andeach  of  these  dso  sdmetimes  a  KtlJe  a&aB. 
VdKwater,  bdrides  Ihes^  fxmtains  ahvays  a  perlioii  of 
mi^tMe  of  lime,  tihe  presenoe  of  whldi  is  the  eimse  of  tho 
qnality  in  traters  ternied  jHfarcbieis.  Bain  or  snow  water 
is  freer  from  these  fefeign  snbstanGes,  bat 'is  not  perfisctly 
pmre»  as  ft  iCflbids  a  traee  of  mixriMe  of  soda  andjmiriate 
of  lime  Water  is  freed  from  these  substances  by  disdHa^ 
tioD^  and  ibr  any  chemicd  process  in  which  nocitracy  is 
toqoistte,  distiBed  water  nmst  be  used. 
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Ifite  litt¥e  bMl  loiig  ^afaageli  UigtatlWi  bjr  die  diemiats,  trn^ 
d§r  'tile  fifline  of  Aficclh.  llvqr  are  dohMe  id  water ; 
ihiBir  lMl6  is  aerki  \  «tid  when  applied  to  animal  miUte^) 
they  icflMe  <»>  diBfioIv(»  it  %  iiMf  chat^  Ae  bfoe  and  pitt^ 
l^crioundfvegetablestDagreeti^  diey^iyirdieydiange 
to  aifanown;  Aey  oonAine^  wMi  ofls  and  &t8^  forming 
^soqM^  and  thcjttiite  witli  die  littbstailees  tvfafeh  bebng  4a 
addthet  dass^  ttta  aoda^  iieniM£:dng  tbeit  chanacterifttie 
propeitite^  fio  t^t  in  tke  coihpound  wlncli  id  formed^ 
when  tile  due  pi^opotliQa  k  tobsanred^  Ae  pi^senee  of  dnr 
acid  or  of  the  a&ifi  vaanot,  ftam  any  reitiaMing  properiy 
of  either  of  them,  be  reeogttised.  The  thi^  aBudifi  ^r^ 
named  Ammonia,  Sbda,  and  Potash,  (or  what,  lor  simik 
arity  of  termination,  would  be  prefin^ble,  IPotana.)  Hie 
iirst  existing  when  uneoliibin^  in  the  a&nal  form^  and 
being  efren  vrhen  oombined  with  water  easily  TolrtiKgedi 
has  been  named  Vohtile  AftaK ;  the  Mher  two,  though 
they  are  vohliHzed  at  a  red  heat,  yet  stifl  htmitgtcftnp2LrU 
tive  fixity,  are  denominated  Fixed  Alkidis, 

l%e  most  important  and  diaracterfetic  property  of  the 
aBudis  is  that  displayed  in  their  rdations  to  ibe  acidi^ 
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Ihdr  GombiniDg  with  the^,  and  fonning  ooinpoiiiiiii  in 
which  the  peculiar  acid  powers  are  neiitndized.     But  the 
same  property  is  possessed  by  aaotherorder  of  diemical 
agents,  the  Earths;   and  several  of  these upproach  eren 
more  dosdiy  to  the  alkalis,  being-scduble  in  water,  acrid 
and  oaustic,  combining  with  oils,  and  changing  the  vege- 
table colours  to  a  green.     In  the  leading  proper^  com* 
mon  to  both,  the  analogy  is  even  still  fiuther  extended^ 
far  the  conqpoonda  of  the  metals  with  oxygen,  the  Metal- 
Ik  Oxides  usthq^  aite  named,  «re  equaUjr  capable  of  com- 
bining with  the  acids,  and  of  neutralising  the  acid  powers. 
Thus,  the  whole  are  comiectSd  into  one  series }  andthoogb 
the  alkalis,  earths,  and  metallic  oxides  may  be  distinguish- 
ed as  subordinate  orders,  by  some  peculiar  chaFactera^ 
they  are  still  in  their  most  in^iortant  ^chemical  rdationa 
strictly  conneoted,  and  the  transition  is  nearly  uninterr^>t- 
ed,  from  the  snbstance  placed  at  the  commeooement  of 
the  one  drrisioQ,  tfarongh  those  bdoiiging  to  the  others. 

This  analogy  has  haen  rendeied  perfect  by  the  spkaadid 
modem  discovery,  that  the  alkalis  and  earths  are  com- 
pounds of  a  basis  of  a  metallic  nature  w^  oxygen  i  (hat 
under  this  point  of  view,  therefore,  they  are  actually  me- 
tafile oxides.  The  earths  resembling  the  more  common 
metallic  oxides  in  many  o£  their  properties,  had  fre- 
quently been  supposed  to  b«  metallic>  The  same  siippo* 
aition,  however,  bad  scarcely  ever  been  extaided  to  the 
alkalis,  partly  fromthe  circumstance,  that  in  their  proper- 
ties they  are  more  remote  from  the  oxicks  of  the  meta^, 
andpartlyfrom  thecompositiou  of  ammonia  having  been  dis* 
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^aoyevfdt  ^aid  iiaraig  appaeentfy  bo  i^riidoi  to  antellic 
iBatler>  it0  ckhtents  being  hydrogen  and  nitrogen. 

At  lengthy  Mr  Davy  fed  by  the  kii9Wlod|^  of  the  IttMr 
^hich  i^qjdates  the  chemical  deoompodtionA  produced  by 
gAlvttHffln>«-that  oxygen  is  attrfhctod  to  the  one  gahnnic 
liolei  irttommable  and  saetaUic  natter  to  the  otber>  witik 
a  Ibvoe  {irqporticmed  to  the  strength  of  the  gjolvame  bat* 
4ery»  and  that^  therefore,  conqpomidB  of  tbesei  acted  om^  bf 
gahraliisini  are  deoMnpoBed  and  their  dements  separated* 
eobmitted  potash  and  soda  to  the  action  of  a  powerfid 
gsfaraaie  batteiy.  Their  deool^posidon  was  e&eted  ;  their 
bases,  substances  bef<M!e  akogedier  uidcnown,  but  of  a 
WSJ  peculiar  nature,  may  be  regarded  as  melaQicy  sind 
these  ba^  are  coaabined  with  ojcygen*  Mr  Davy  &rther 
submitted  the  earths  to  the'^same  powerful  instrument  of 
jmafyais ;  and  though  their  deoompositiMi  has  been  radier 
less  perfect,  it  has  been  sufficiently  so  to  demMastrate 
that  they  also  consist  of  metallic  bases  in  an  oxidated  state. 
Ammonia  akme  remained  insulated,  until  the  Swedish 
Chemists,  Berxdiius  and  Pontin,  made  the  interestifcig  dis- 
covery, that^  it,  too,  when  placed  in  the  galvanic  circuit» 
under  peculiar  arrangen^nts,  affords  firom  its  decompos:<» 
tion  fnetallic  matter.  And  thus  the  analogy  has  bd^eti  er* 
tended  through  the  whole  substances  bek>Bging  io  the 
two  ordevi,  and  from  them  to  the  (wdes  of  the  aobetalst 
pi^ving  that  ail  are  of  sunilar  chemical  oomlkuftiQiu 

Hieae  condosions  have  not,  however,  been  imphcitfy 
received.    Gay  I^issac  and  Thenard  have  caqxhuned  the 

f 

results  on  a  different  theory,  that  the  new  metallic  sub* 
«tances  are  compounds  of  the  alkalis  and  earths  ynth  hy« 
You  I.  X 
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drogaif  and  that  it  is  therefore  the  commmucdtioii  df  tbi» 
element,  not  the  abstraction  of  oxygen,  ivbich  takes  plac^ 
in  tbeh*  prodaction. 

Though  the  alkaMs,  earths,  and  metallic  oxides  hare 
been  connected  by  these  discoveries,  there  still  retnaiiiy 
|>erhaps,  sufficient  reteons  to  arrange  them  as  distinct  or- 
ders ;  and  in  the  present  state  of  chemistry,'  it  is  even  ne^- 
cessary  that  this  arrangement  should  be  adhered  to.    The 
bases  of  the  alkalis  and  die  earths,  diough  they  may  b« 
regarded  as  metallic,  are  very  different  £rom  the  eofiimion 
metals,  both  in  their  physical  and  chemical  properties ;  and 
except  in  the  leadmg  character  of  combining  with  the 
^    acids,  the  idkalis  are  iPery  different  in  their  qualities  firom 
the  metallic  oxides,  and  are  much  more  active  in. their 
chemical  relations.     The  earths  appr(iach  nearer  to  the 
metallic  oxides,  and  form  the  series  inlermediaCe  betwerai 
them  and  the  alkalis. 

Several  of  the  earths,  particularly  barytes  and  strondtei^ 
approach  so^  nearly  to  the  alkalis  in  their  properties,  diat 
it  has  been  proposed  to  transfer  them  to  this  class.  They 
are  still,  however,  on  the  whole,  more  stricdy  connected 
with  the  other  earths :  if  the  entire  series  is  to  be  subdi- 
vided  into  two  orders,  it  could  not  be  done  with  more 
propriety,  than  in  conformi^  to  those  already  established; 
and  the  alkalis  may  be  r^arded  as  associated  and  distiiy 
guished  Jby  their  mucn  greater  solubility  in  water,  and 
affinity  for  it  \  by  their  solubility  in  alkphol  \  by  their 
greater  fusibility  and  volatility,  and  in  general  by  their 
greater  activity  as  chamcal  agents. 
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CHAP.  I, 


OF  AMMONIA  AND  ITS  BASB. 


-  This  alkafi,  obtained  by  indirect  processes^  was  known 
to  the  older  chemists  onfy  in  its  combination  with  water^ 
forming  the  liquid  which,  from  its.  volatility  compared 
with  the  other  alkalis,  was  denominated  Volatile  Alkali. 
Dr  Friestley  first  shewed,  that  a  permanently  elastic  fluid 
can  be  procured  from  it  by  a  moderate  heat>  and  that  this 
is  the  alkali  in  its  pure  form. 

In  the  progress  of  pneumatic  chemistry,  several  facta 
weFQ  observed,  proving  the  composition  of  ammonia. 
Priestley  found,  that  on  taking  the  electric  spark  In  it,  or  on 
transmitting  it  through  an  ignited  earthen  tube,  the  vo- 
lume was  much  enlarged,  and  its  properties  were  entirely 
changed ;  it  was  no  longer  aI)sorbed  by  water,  and  was 
highly  inflammable.  By  heating  certain  ipetallie  oxides 
in  the  ammoiiiacal  gas,  he  farther' found,  that  they  are  re« 
duced  to  the  metallic  state ;  a  little  water  appeai'ed  to  be 
produced,  and  the  residual  gas  was:  nitrogen.  Scheele^ 
too,  observed  the.decon^position  of  ammonia,  and  the  pro« 
duction  of  nitrogen,  particularly  in  the  detonation  of  fid^ 
ihinating  gold,  a  substance  composed  of  ammonia  and  ox* 
jde  of  gold. 

Berthollef^  reviewing  and  comparing  these  experiments^ 
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was  led  by  them  to  institute  others,  in  which  ammonia 
was  decomposed ;  and,  from  the  whole,  he  inferred  that  it 
is  a  compound  of  hydrogen  and  nitrogen  gas.     From  the 
products  of  its  decomposition  by  the  electric  spark,  he 
concluded,  that  100  parts  of  it  contain  by  weight  80.7  of 
the  nitrogen  with  19.3  of  hydrogen.     With  this  the  results 
of  the  analytic  experiments  made  by  Mr  Davy  at  a  later 
period,  almost  agree ;  the  proportions  he  assigns  being  80 
and  ^0.     Both  Dr  Henry  and  Mr  Davy  fi|id»  that  when 
100  measures  of  ammoniA  are  decomposed  by  the  electric 
spark,  74  measures  of  hydrogen  and  26  of  nitrogen  are 
obtained,  which  correspond  to  tlie  above  proportions. 

The  composition  of  ammonia  is  not  easily  established  by 
synthesis,  the  elasticity  of  the  two  gases  being  an  obstacle 
to  the  exertion  of  the  mutual  affinity  of  their  gravitating 
matter,  so  that  when  mixed  together  they  cannot  be  com- 
bined, even  by  the  agency  of  the  electric  q^rk.  It  had 
been  observed^  however,  that  in  some  cases  of  chemical 
action,  ammonia  is  evidently  formed,  or  is  evolved,  though 
it  does  not  pre-exist  in  the  materials.  This  production  of 
it  was  known  to  take  place  in  the  action  of  nitric  acid  on 
tin ;  and  the  thecMry  of  its  production,  as  well  as  the  princi- 
ple on  wliich  it  depends,  were  ascertained  by  Austin*. 
Tin  being  a  metal  having  a  great  avidity  to  oxygen,  it  de« 
composes  when  acted  on  by  nitric  acid,  both  the  acid  iV* 
sdbT  and  the  water  the  acid  cdntains  att)racting  the  osqr- 
gen  of  both.  The  Jbitrogen  of  the  one  and  the  hydro- 
gen of  the  other  are  evolved :  and  being  presented  to  each 
other  in  the  moment  of  their  evolution,  and  before  thqr, 
have  become  dastic,  (in  their  nascent  state^  as  it  has  been 
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.nnmed),  dieir  mutual  aCnity  is  Verted  with  effect/  and 
ihe^  combine.  Dr  Austin  fardier  feund,  that  it  M-as  suf- 
ficient to  present  hydrogen  in  its  nasceht  state  to  nitro- 
gen  gas  to  form  ammonia^  this  resak  being  obtained  wh^n 
iron^filings  moistened  urtth  water  are  confined  in  a  tube 
with  nitrogen  gas  over  quidcsiher.  The  reverse  exj^eri- 
ment J  ^however,  "that  of  presenting  nattent  nitrogen  to  hy- 
drogen gas,  was  not  successful,  probably  from  the  great  ra- 
yity  of  hydn^en  m  its  gaseous  form. 

The  discovery  of  the  existence  of  oxygen,  as  a  consti- 
tuent principle  of  the  ^lier  two  alkalis,  potash  and  soda,  ob- 
viously suggested  the  suspicion^  that  it  probably  also  exists 
as  an  element  in  the  composition  of  ammonia,  and  if  the  ex- 
perimants  <m  the  analysis  of  amponi^  be  examined,  it  will 
appear  that  they  do  not  preclude  the  possibility  of  this ;  for 
when  it  is  tesolved  into  hydrog^i  afid  nitrogeQ  gases,  a  small 
portion  of  oocygen  might  be  niingled  with  these,  and  not 
be  detected  from  the  manner  in  which  the  experiments  were 
made;  or  by  combining  with  a  portion  of  the  hydrogen, 
it  might  be  disgoised  in  the  state  of  water.  On  the  dis- 
covery, therefbre,  of  the  existence  of  oxygen  in  the  compo- 
sition of  the  fixed  alkalis,  it  became  an  ot^ect  of  impor- 
tance to  determine  wh^her  it  does  not  also  exist  in  the 
coraimsition  of  Sffnmonia. 

it  appeared,  to  be  established  by  Mr  Davy^  experiments 
'that  it  does.  On  beeitit^  chatrcoal  in  ammoniacid  gas, 
rendered  as  diy  as  possiUe,  carbonic  acid  (a  product 
formed  by  the  e^Nnbination  of  charcoal  with  oxygen)  was 
Sormed.  By  transmitting  ammoniacal  gas  repeatedly 
over  iron-wire  in  a  phttina  tube  at  a  red  heat,  the  pre- 
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sence  of  oxjgm  was  rendered  ^yparentj  bodi  by  the  ox»» 
dstion  <^  the  iron,  and  the  deposMjcm  of  wator.  Aiid> 
lastfyf  in  resolving  ammonia  into  hydtogeo  and  nilroig^ 
gases,  by  the  ag^iqr  of  the  etectric  spark,  and  ettimaliag 
the  quantities  of  these  by  weight  frooi  thdr  vdmnes,  there 
was  found  a  deficit  of  nearly  Vt  of  the  ammonia  emj^yed^ 
probably  from  the  disappearance  of  a  portion  tit  ixygm^ 
combining  partly  with  the  {datina  wires  employed  ui  th^ 
experiment,  and  partly  with  hydroigen  fiNrming  water* 
From  these  experiments  Mr  Davy  infiarred,  that  the  pro- 
portion of  oxygen  in  the  composition  df  ammonia  may  he 
equal  to  seven  or  eight  parts  in  the  hundred,  or  may 
even  be  larger. 

The  experiments  of  other  chemists  have  not,  however, 
confirmed  these  results*  Dr  Henry,  submittii^Mnmonia 
to  analysis  by  the  action  of  electricity,  has,  when  the  due 
precautions  have  been  observed,  been  unaUeto  obtain  any 
indications  of  oigrgen;  it  is  resolved  into  hydM)gai  and 
nitrogen  alone.  Hie  same  condusion  has  been  drawtt  by 
Berthollet  firom  his  experim^its.  Andf  mc^  lately^  Mr 
Davy,  repeating  his  experiments,  has  not  obtainiM  reaaks 
fiivourable  to  the  conclusion,  that  oxygen  is  evolved  in  die 
decomposition  of  ammonia,  but  rather  establishing  the 
reverse,  that  the  products  are  hydrogen  and  niU'ogai. 
In  either  of  these,  however,  oxygen  may  be  an  dement, 
a3  has  been  already  stated  i  and  on  the  theory  thatitis  the 
principle  productive  of  alkalinity,,  this  suf^position  obvialies 
the  anomaly,  whidb  ammonia  would  oth^wise  present. 

The  analogy  in  chemical  constitution  b^ween  ammo* 
nia  and  the  other  alkalis  has  been  under  another  point  of  * 
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"xieWj  that  wUdi  retates  to  its  baae^  conf  nned  by  the  in- 
"terMing  ducgrefy  l^  BeneUus  and  Poiitin»  noticed  un- 
der die  histoiy  of  hydrogen,  that  metallic  matter  is  obtain* 
ed  firom  it  by  die  action  of  galvanism.  This  matter  can» 
not  be  pracared  by  itself:  it  is  necessary  to  introduce  the 
operation  oif  another,  substance  which  may  combine  with 
it,  and  this  is  cbne  l^  placing  quicksihrer  in  the  galvanic^ 
oimHt  wjidi  a  solution  of  ammonia,  or  with  an  anmumiar 
eal  salt,  carbonate  or  muriate  of  ammonia.  On  oomplo- 
ting  the  drcnit,  by  connecting  the  poodve  and  n^^adve 
wires  cf  the  galvanic  battery  with  Ae  ammonia  and  the 
quiokaiher,  die  latter  soon  itflder j|>es  diai^;es  indicatiQg 
d^e  communication  to  it  of  metallic  n^atter.  It  increases 
in  volume,  becomes  less  md>ile,  and  this  continuing,  it  id 
at  kngdi  enlarged  to  four  or  five  times  its  original  vdume 
and  becomes  a  soft  solid.  This  change  is  evidendy  anato- 
goos  to  amalgamation ;  and  that  the  metallic  matter  produ- 
cing it  is  derived  from  die  aannonia,  is  apparent,  not  onfy 
fiom  die  circumstances  of  die  eiqperiment  itsdf,^  but  &r- 
ther,  from  the  fiust,  that  when  the  amalgam  is  eiqposed  to 
the  aiF  or  dvopt  into  water,  ammonia  is  reproduced.  These 
cgiparimentB  were  confirmed  by  Mr  Davy :  they  are  indeed 
easily  perfimned,  requiting  no  poweifiil  battery :  and  Mr 
Davy  fiuther  Ibund,  that  qmdcailver  sufiers  a  similar 
change  when  ammonia  in  contact  witb  it  is  subjected  to 
the  powerful  de-oxidating  inflnenoe  of  the  metallic  bases 
of  eidier.of  the  other  alkalis. 

Hiis  metaflic  matter  must  be  regarded  as  the  base  of 
ammonia,  and  as  sucii  it  has  been  named  Aoiuionium. 
Whedier  It  is  derived  from  the  hydrogen  iur  nitrogen  into 
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which  ammoBHi  is  resokwekie,  ov  frombodit  or  whether 
these  gM6B  are  dUferent  fbnn«  or  coflri^iBatms  of  it,  f»- 
saaixu  at  present  unknown  i  but  the  discovery  MtfieieDiiy 
confinaA  the  analogy  betwe^  tins  and  tho0ther  dkaiis^ 
Ammonia  is  always  procured  by  indirect  processes.    It» 

'    ukhnatfl  somree  is  usually  from  the  deoonfiositira  of  am-* 
mal  mattery  of  \irfiich  its  constituent  prindplas  are  ele* 
mmts,  and  which,  in  the  new  combinations  taking  plnee 
in  timt  decomposition,  unite  so  as  tofi)ffm  it    It  isdio» 
obtained  abundantly  in  the  distillation  of  bones  and  odier 
animal  substanoss.     Procured  in  this  way,  howerer^  it  is 
always  impure,  and  th#  diemist  therefore  nBaa%  wnak 
himself  <^a  salt,  containing  it  prepared  on  a  large  scale  iuc 
different  puqHwes  in  the  arts^  the  muriate  of  mnnonia,  or 
sAl*4umnoniac  of  eommerce,  from  whidi  it  is  eanty  obtain- 
ed  pure.    This  salt  consists  of  muriatic  acid,  eossfaiaed 
with  ammonia.    On  mixing  it  with  two  parts  of  slaked 
lime,  the  pungent  smefi  of  anuonia  is  immecttatefy  Mff9^ 
rent  j  mid  oik  applying  beat  to  the  mixtare  in  a  retort* 
there  is  ^n  abundant  production  of  eh»tic  fluid,  conaatiii^ 

9  of  the  ammonia  in  this  fi>rm,  tha  Ume  combining  witb  the  . 
Qiuriatic  «cid  of  the  compound  sak,  and  the  ^¥WfKW^ 
being  disengaged.    The  amaoniacal  gas  is  recei¥ed  over 
quicksilver,  as  it  is  instantly  absorbed  by  wator. 

Ammonia,  in  the  state  of  gas,  has  an  odour  extiemely 
pungent,  and  is  so  acrid  as  to  inflame  the  skin.  It  is  cme 
of  the  rarest  of  the  elastic  fluidst  its  specific  grairi^'bMi^ 
to  that  of  atmospheric  air  as  600  to  iOOO-^lQO  cubic 
weigh  18  grains.  It  is  permanently  elastic  at  natnfal  tem- 
peratures, but  when  exposed  to  a  cold  — 56^  of  Fahreii>^ 


hA,  It  li  coidemed  into  the  liquid  Btat«y — a  eondoDds&om 
Jtettlftted  prbbiiUy  by  the  opcitrtton  of  Ae  water  iniiidi  if 
BMy  htU  diMohred..  l!lie  gas  esctkiguisfaes  oodibustion ; 
it  ia  kielf  dightly  itaftuBBiable,  the  tame  of  a  taper  par* 
ttaOy  kllredUcied  iato  it  being  enlarged^  and  Vfhetk  it  is  pre^ 
"MUflty  toingled  wiA  atmoi^heric  air  it  barns  with  a  afight 
lambent  flatne,  and  when  kindled  in  nuxtore  with  ozygea 
gaa  bvms  move  strongly.  When  transmitted  tkroogh  an 
i^Mted  tube,  or  snbmitted  to  tke  action  of  the  deptric 
sparic,  it  is  decomposed. 

Ammoniacal  gas  is  largely  and  nq^dly  absorbed  by  w&- 
ter  f  the  waiter  9  under  a  mean  atmospheric  pressure  and 
tesnpMQatnve,  taking  np  rather  more  than  one>third  its 
wei^t  of  Aie  gas.  Ice  iiMnediately  liquefies  in  It^  at  the 
satne  thne  eondensea  it^  and  this  is  aoeonpanied  by  the 
prodaotionof  eotd.  Its  sointion  in  water  is  of  inferior  spe»» 
dfic  gravity  to  pure  water>  being,  when  conoentrated,  not 
more  than  9054.  The^gaa  is  expelled  from  it  by  an  elo^ 
vation  of  tempemtare )  by  intense  cold  the  solutkn  is  eoum 
jieafed  without  Um  ammonia  being  separated :  the  oonge* 
'lation  takes  {daoe  at  —-40^ :  tfid  at  -^^S^  it  kees  al  sme% 

It  is  under  the  form  of  the  watery  solution  that  ammo- 
nia  is  usually  employed  as  a  diemical  agent.  The  solution 
is  prepared  by  connecting  a  retort  of  green  glass  with  the 
mixture  of  muriate  of  lime  aiid  ammonia  in  the  propoiv 
tions  already  stated,  and  with  about  twice  their  weight  of 
water,  with  tl^  bottles  of  Woolfe's  apparatus -containing 
i^ater.  Heat  is  qopUed  to  the  retort  by  the  medium  of  a 
sand*badi :  the  lime  combines  with  the  muriatic  acid,  the 
ammonia  is  expelled,  and  is  condensed  partly  by  the  water 
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tbat  distils  over  from  the  retort,  and  partly  bjr  the 
in  the  bottles  of  the  ^ipuutus  through  which  it  is 
nutted.  On  a  large  sc^,  the  distillation  is  carried  oa 
from  an  iron-still  containfaig  the  muriate  of  ammcmia  and 
lime  dry,  to  whidb  the  fire  is  directly  ^splied,  the  stSI  be* 
ing  connected  with  a  spiral  tin  tube  placed  in  a  re&igean^ 
tory,  and  with  the  extremity  of  whidi  a  aeries  o£  globular 
xteceiTers  is  l&ewise  connected.  When  properly  prepared 
it  is  (cdbiurless,  and  has  the  pungoiGy  of  the  anrinoiHa  a»- 
accompanied  with  any  fetor. 

Ammonia  has  been  supposed  to  be  inferior  to  the  odber 
two  alkalis  in  aUcaUne  power,  as  diey  deooirtpose  the  oook 
pounds  it  fiMrms  with  the  adds.  Hiis,  howerer,  is  pioba* 
Uy  owing  to  ita  Tolatility )  and  as  a  g»ren  weight  of  it  aeo- 
•tralizes  larger  quantities  of  the  acids  tjhan  the  aaaie  weight 
of  the  other  alkalis  do,  it  follows,  from  Berdniisf  s  vaeav 
of  the  s^nragth  of  chemical  aflbiily,  that  it  is  efea  suparier 
in  powei^.  From  the  inferior  ooacantratijcm,  howetert  of 
its  adiuti^,  it  acts  less  strongly  on  a  npwber  of  aahK- 
stances-,  it  combines  rather  less  fatfimately  with  the  «i)s» 
and  it  does  not  dissolve  the  eartb«. 
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alkali  has  long  been  employed  in  a  staU  of  gtettt» 
er  or  less  purity  as  a  chemical  agent,  and  has  been  distin** 
guished  by  various  appellations.  Being  usuaOy  procured 
from  the  combustion  of  vegetables,  it  received  the  name  of 
Vegetable  Alkali.  As  it  is  the  base  of  the  impure  alkaline 
salt>  ike  potadi  of  conmiefce,  it  has  been  named  Pbtash. 
The  term  Potassa  has  been  received  as  the  Latin  appeUo* 
tk>n,  and  would  be  pre^able  even  in  our  hnguage,  as  si«- 

mikyr  in  termination  to  the  names  of  the  other  alkalis/  and 

• 

as  difEarent  firom  the  term  applied  in  commerce  to  a  sub* 
btance  contaiinng  oviy  the  alkafi  in  an  impure  form  :  but 
that  of  Potash  appears  to  be  estaUished  by  general  u6e» 

«Pota8h  had  sometimes  been  suspected  to  be  a  compound 
substance,  but  these  conjectures  rested  only  on  remote 
analogies,  and  nothing  was  truly  known  with  regard  to  its 
composition  previous  to  Mr  Davy*s  discovery  of  it.  Guid- 
ed by  the  principles  which  he  had  established  with*regard 
to  the  decompositions  whidi  galvanism  produces,  he  sub- 
mitted it  to  the  action  of  this  power  in  sufficient  intensity, 
and  obtained  its  base,— 0  substance  brfore  altogether  uh- 
ttnown,  possessed  of  very  singular  properties,  and  which 
haa  led  to  the  dlscoveiy  of  others  equally  peculiar. 
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The  decomposition  of  potash  by  galvanism  is  mo&t  easf 
]y  effected  by  placing  a  small  piece  of  it  slightly  moistened 
in  a  platina  cup,  in  connection  with  one  extremity  of  a  giL 
vanic  battery.     On  establishing  the  communicatioii  wU 
the  other  side  by  a  wire  of  platina,  an  effervescence  is  ex* 
cited  at  the  surface  of  the  potash  at  the  positive  side,  ow. 
ing  to  the  disengagement  of  elastic  fluid,  accompanied  wift 
the  liquefaction  of  the  potash  $   while  at  the  sur&ce  is 
communication  with  the  negative   side^  globules  appesr 
having  metallic  lustre,  and  in  mobility  similar  to  qoickd 
ver.  The  elastic  fluid  disengaged,  Mr  Davy  foand,  is  oxj- 
gen  gas ;  the  metallic  'globules  are  the  base  with  which  tbe 
oxygen  had  been  combined. 

This  analysis  of  potasli  Mr  Davy  confirmed  by  KyaAeA 
On  exposing  the  metallic-like  matter  to  atmospheric  aif, 
its  lustre  is  diminished,  a  white  crust  soon  forms  upon  it, 
which  is  potash,  and  this  is  accompanied  with  an  absorp- 
tion of  oxygen.     On  heating  it  in  oxygen  gas  it  entered 
into  vivid  combustion ;  solid  potash  was  likewise  pfoduced^ 
and  a  portion  of  the  oxygen  consumed.     O,  lastly,  on 
dropping  it  into  water,  an  immediate  disengagement  of  hy- 
drogen takes  place,  the  metallic  matter  disappears,  and  i 
solution  of  potash  is  obtained.     From  these  experimeBts, 
both  anafytic  aiul  synthetic,  the  conclusion  appears  neces- 
sarily to  follow,  that  potash  is  a  compound  of  this  metatfie 
matter  and  oxygen,  since  it  is  resolved  into  them,  and  is 
re*produced  when  th^y  combine.     The  proportions  hate 
been  estimated  by  Mr  Davy  to  i>e,  at  a  medium,  85  of 
base,  and  15  of  oxygen. 

A  confirmation  of  this  discovery,  extreme^  inqportasti 
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excluding  any  suflpidon  that  might  have  been  entertain^ 
^  that  galvanic  action  is  essential  to  these  change  was 
soon  after  the  publication  of  Mr  Davy's  experiment  made 
by  the  French  chemists,  Oay  Lussac  and  Thenard,  pot* 
aah  having  been  deonnposed  by  them  by  the  action  of 
irony — an  experiment  which  has  been  often  repeated  with 
success.  Clean  iron-^filings  are  put  into  an  iron  tube,  bent 
so  that  the  filings  shall  lie  in  the  curvature  towards  the 
middle  of  the  tube,  and  be  raised  to  the  necessary  heat  by 
being  placed  in  a  smaH  inmace.  To  one  exHremity  of  the 
tube  is  adapted,  by  grinding,  a  smaller  one  having  a  stop- 
per inserted  at  its  open  extremity,  and  containing  a  quan- 
tiQ^  of  pure  potash ;  when  the  iroUi-filings  are' raised  to  a 
white  heat,  this  potash  is  liquefied  by  applying  to  it  the 
heat  required,  and  it  is  allowed  to  run  through  a  small 
aperture  on  the  filings.  It  is  then  decomposed,  the  iron 
attracts  iti  oxygen,  ^d  the  metallic  matter,  which  is  its 
base,  is  suUinied  to  the  other  extremity  of  the  tube,  which 
is  kept  cold,  so  that  it  shall  be  condensed.  A  litde  hydro- 
gen gas  is  disengaged  during  the  process,  apparently  de- 
rived firom  the  water  contained  in  the  potash,  and  is  allow- 
ed to  escape  by  a  tube  of  safety  connected  with  the  tube. 
The  metallic  matter  adheres  in  brilliant  plates  to  the  sides 
of  the  extremity  of  the  large  tube  $  it  is  shnilar  to  that  ob- 
tained from  the  decomposition  of  the  alkali  by  galvanism, 
but  is  a  little  heavier,  probably  from  a  slight  alloy  of  iron. 
,  Potash  has  also  been  decomposed  by  charcoal. 

To  the  aubstance  ol^^ed^in  these  experiment,,  the 
base  of  potash,  Mr  Davy  has  given  the  name  of  Poi'AS* 
snjBf.    The  following  are  its  principal  properties. 
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•    It  appears  in  die  form  of  globules,  having  metallic  instn 
and  opacity  at  the  temperature  of  60,  very  similar  m  ap- 
pearaaoe  to  those  of  quicksihrer,  but  rather  less  mobQe.   Ai 
70^  the  mobility  and  fluidity  are  greats,  and  at  lOp  itii 
Gompletdy  liquid,  so  that  the  ^obules  run  easily  togedMS. 
At  50  it  becomes  solid,  is  similar  in  appearance  to  sflm, 
and  is  malleable )  at  32  it  is  hard  and  brittle.     UtoB^i 
resemUes  the  metals,  however^  in  opacity,  lustres  and  otbff 
properties,  it  differs  from  them  remarkabty  in  density :  is 
this  property  it  is  inferior  even  to  water  or  alcohol ;  vrfaen  i- 
qpud  it  does  not  sink  in  naphtha,  the  spedSc  gravity  of 
which  is  .77 :  in  its  solid  state  it  is  rather  heaTierj-but  stS^ 
even  at  40,  it  floats  in  this  liquid;   its  specific  gtspritj, 
therefore,  is  probably  not  more  than  6,  water  being  10. 

Potassium,  though  flio  remarkably  affected  by  heat,  if 
not  very  volatile ;  it  requires  a  temperature  approaching 
to  ignition  to  vdatilize '  it.     At  temperatures  inferior  to 
this  it  combines  Ivith  oxygen  slowly,  and  without  any  seo*  ' 
sible  combustion  $  but,  when  heated  to  the  point  of  vritfi* 
lization,  it  bums  vivid^  with  intense  heat  and  light    It 
appears  to  cond>ine  with  different  proportions  t>f  oxygen ; 
for,  when  slowly  heated  in  a  quantity  of  oxygen  not  sufli^ 
cient  to  saturate  it,  the  oxygen  is  absorbed,  and  a  substaaee 
is  formed  of  a  gr^i^  colour,  ccmsisting  partly  of  pots^ 
and  partly  of  potassium  in  a  low  degree  of  oxidation.  TtiSf 
when  heated  in  the  air,  or  moistened  with  water>  is  ccm* 
verted  entirely  into  potash. 

From  its  avidity  to  oxygen,  potassium  decomposes  ira- 
ter  with  rapidity,  producing  explosion  with  6ame,  atid  be- 
ing converted  by  oxygenation  into  potash.    Placed  on  ice 
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it  bums  with  a  bright  flame  mddng  the  ice.  It  attracts 
oxygen  with  gfamhr  rapidity  from  the  mineral  acids,  and 
bcums ;  and  so  susceptible  is  it  of  oxidation,  that  it  i»  diflS^ 
cult  to  preserve  it  unchanged. 

It  unites  with  inflammable  substances.  When  heated 
in  hydrogen  gafl|  it  diminishes  in  volume :  and  the  gas,  on 
being  mingled  with  atmospheric  air,  explodes  with  the  pro- 
dudjion  of  alkaline  fiunes«  It  unites  with  phosphorus  ^  and 
if  the  air  ha»  been  excluded,  the  compound  has  the  ap- 
pearance of  the  metallic  phosphurets.  When  heated  with 
sulphur,  under  the  vapour  of  naphtha,  th^  condone  riski- 
ly with  the  eviction  of  heat  and  Hght,  and  form  a  sub* 
stance  of  a  grey  colour,  with  the  lustre  and  appearance  of 
artificial  sulphuret  of  iron^ 

It  aba  combines  with  the  metals,  and  fimna  compounds 
having  metallic  properties  which  absorb  oxygen  from  the 
air  and  decompose  water,  potash  being  formed,  and  the 
metal  separated  unchanged.  Its  action  on  quicksilver  is 
singular.  They  instantly  combine  with  the  evolution  of 
more  or  lesaheat :  the  potassium  in  a  minute  quantity  adds 
to  the  consistence  of  the  quicksilver,  and  diminishea  its 
mobility :  when  the  quantity  is  about  ^  of  the  weight  of 
the  quicksilver,  the  amalgam  is  soft  and  malleable:  in  a 
quantity  a  little  larger  it  renders  it  solid,  and  nearly  simi* 
lor  to  silver  in  colour.  When  it  amounts  to  about  •,%•  of 
the  weight  of  the  quiduilver,  the  alloy  i&  hard  and  britda 
The  fluid  amalgam  dissohres  all  the  metals,  even  ttiDse  with 
which  quicksilver  abne  does  not  combine.  Compoimds  of 
the  metals  with  potassium  are  likewise  formed  by  heating 
an  excess  of  it  with  the  metaUic  oxides,  one  portion  of  it 
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abstractiflg  bxygen  and  fomung  (wtaBh,  llie  dtlwr  namtiog 
with  the  reduced  metal.    Fmm  tkk  acttoa  it  ads  en  giwn 
reducing  the  oxides  of  iron  and  lead  wfaidi  it  eantam^ 
and  forming  potash,  which  dissolires  the  gkss. 

Though  this  sabstBiice  has  not  the  property  ^i4iich  has 
been  regarded  as  most  characteristic  of  Hfe  metais,  tint  sf 
great  density,  it  can  scarcdy  but  be  regarded  as  xnetsDk; 
as  it  has  the  peculiar  physical  qualities  beltegis^  to  thf 
class,  opacity,  lustre,  and  maOeabflity :  and  in  its  ciiemi* 
cal  rehuions  it  displays  {Nroperties  sinukr  to  those  of  other 
metaIs,-<-combining  with  oxygen,  uniting  with  infimmfia' 
bles,  and  with  the  metak  themselves,  forming  compouodi 
which  retain  the  general  metallic  quafitieB. 

Gay  Lussac  md  Thenard,  in  confordiity  to  the  AimjL 
they  have  advanced  with  regmd  to  the  metaBizatioii  of  the 
alkalis,  consider  potassium  as  a  compound  of  potesfa  and 
hydrogen,  the  latter  element  being  aiibrdied  m  its  fomu^ 
tion  by  the  water  which  the  aUudi  contains.  The  opinion 
does  not  rest  on  any  conclusive  argument,  and  die  discos-, 
sion  of  it  merely  as  a  posaUe  hypothesis,  woidd,  in  the 
present  state  of  the  inquiry,  be  pren^ature* 

Potash,  of  which  this  substance  is  the  base,  is  uBua% 
procured  from  the  combustion  of  land  vegetables,  the  pro- 
Cess  being  carried  on  in  those  countries  which  abound  in 
wood;  the  ashes  remaining  after  the  combustion  being 
lixiviated,  the  liquor  affords,  on  evaporation,  saline  mat- 
ter,  which,  when  exposed  to  heat,  fimns  a  solid  white 
mass.  Hiis  consists  of  various  salts,  principal^  of  potash, 
combined  with  carbonic  acid,  partly  also  of  potadi  odbi- 
bined  with  sulphuric  and  muriatic  acids,  together  with 
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sificeoufi  earthy  oxides  of  iron  and  mffiiganese,  and  occa- 
sionally other  impurities.  It  has  not  been  well  determined, 
whether  the  alkaH  iu  produced  by  the  combustion,  or 
whether  it  pre-exists  in  the  vegetable  matter,  and  is  merely 
evolred.  It  is  obtained  in  difFer^t  quantities  firom  dlfle- 
rent  vegetables :  the  harder  woods  afford  more  than  diose 
that  are  ^ongy,  shrubs  more  than  trees,  herbaceous 
plants  a  quantity  still  larger,  and  even  different  parts  of 
tiie  same  plant  give  dii&r^it  proportions  of  it,  the  leaves, 
fiom  a  given  weight,  yielding  more  than  the  branches, 
and  the  branches  more  than  the  trunk. 

Potaah  is  sometimes  procured  from  other  sources,  and 
in  a  state  rather  more  pure,  as  from  the  dfscomposition  by 
heat  of  the  salt  named  Tartar,  or  firom*  the  deflagration  of 
nitre  with  diarcocd,  this  alkali  being  the  base  of  these 
Saks. 

Potash,  as  obtained  by  all  these  processes,  k  combined- 
with  carbonic  acid.  To  abstract  this,  the  saline  mattery 
the  Sub-Carbonate  of  Potash  as  it  is  named,  is  miji^ecl 
with  twice  its  weight  of  recently  slaked  lime,  and  as  much 
water  as  is  necessary  to  give  the  consistence  of  a  thin 
paste :  this  is  put  into  a  glass  funnel,  the  tube  c^ifhich  is 
obstnicted  'with  a  piece  of  linen  \  the  mass  of  lime  soon 
subiides,  so  that  the  liquid  portion  filtrates  through  it  very 
slowly,  and  water  is  occasionally  added,  as  the  filtration^ 
proceeds,  until  a  quantity  of  liquid  has  passed  through  ten 
times  the  weight  of  the  sub-carbonate  of  potash  employed* 
The  lime  in  this  process  attracts  tlie  carbonic  acid,  and, 
from  the  large  quantity  employed,  and  the  slowness'  with 
which  the  water  holding  the  alkali  dissolved  pftsses^through 
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itf  the  abetractikm  k  inqre  comoplete  thaa  comU  be  ob* 
tvin^  by  tsny  othor  airaogemeiit. 

StiQ,  thoMgh  the  potasb  ia  thuA  obUiaed  in  a  state  of 
solution  iHMxfy piurcb  it  m  not  pexfectty  9qi  a  little  carbonic 
acid  remains  combined  witii  it»  and  there  may  be  present 
too  small  portions  cf  sulphate  fup^l  oAuriate  of  potash, 
originally  derived  frcHn  the  potash  of  commerce^  as  well  as 
a  little  siUcepos  earth.    To  obtain  it  in  a  state  of  purity, 
different  methods  have  been  proposed  i  that  wUdi  is  ge» 
nerally  foBowed  is  one  proposed  by  Beitbol}et    Potash 
is  soIuUe  in  alkohol^  but  is  insoluble  when  combined  vdth 
oarbonic  or  sidphuric  acid.    The  alkaline  solution,  there- 
ibre»  obtained  by  stow  filtration  firom  the  mixtAure  of  sub- 
carbonate  of  potarii  and  lime^  is  evaporated  until  it  be- 
come fot  a  thick  con8t8^ce»  and  there  is  then  added  to  it 
an  ^qual  weight  of  alkohpL     A  quantity  of  undissolved 
matter  sobsidesf  a  daikHcdpiired  liquid  floats  above  this, 
is  principal^  water  hiding  diss(dved  potash  copi- 


Kiied  with  earl^pnic  acid }  a  lighter  coloured  liqwnr  is  above 
t)usi  it  is  drawn  pff,  and  is  partially  evaporated  in  a  silver 
bason.  On  standing,  it  separates  intp  two  liquids  of  dif- 
ftrsnt  ipefBific  gravities,  the  heavier  being  a  sohition  of  the 
alkali  wkh  carbonip  ^df  the  lighter  a  solution  of  the  pure 
alkali.  The  latter  is  poured  off,  and  is  evaporated,  9a  that 
itm  cooling  it  shall  either  deposite  cirystals,  or  pass  into  an 
irr^nlajr  orystallised  mess  $  a  small  portion  of  residual  li* 
<pKMr  beingiKMirod  off,  the  potash  is  thus  obtained  in  a  , 
solid  fomu 

Pot^dbt  thus  prepared  ia,  if  the  evaporation  has  been 
canied  to  dryness^  a  substaiice  solid,  hard,  and  farittle>  of 
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a  whke  cok>iir«  If  evaporated  to  a  leas  extent,  it  laryttd- 
lizes  in  fenns  whidft  ar e  loodifiad  by  tba  de|^  f^^vtpofmr 
tion :  it  is  ikm  obtalmd  in  thin  plates,  in  ^fencWr  naedleH 
or  in  tetraliedral  pyruiud%  eingle  cnr  douUey  ihm^  opn* 
taming  difierentportiom  of  water  of  ciy^taUiKalioift.  Tbaj 
produce  cold  in  dissolving  in  water,  while  the  solid  pptaA 
produces  heat  £v^  in  the  dn^t  fytm  to  wbiob  ft  is 
reduced  by  evaporation^  and  aftm'  it  has  basn  hfl|lt  ib 
fusion^  the  potash  retains  a  cocsideraUe  quanti^  <tf  witter 
combined  with  it ;  100  parts  cOntfniiing#  aocoidii^[  to 
BerthoOet's  estimate,  14  of  water.  Mr  Dnvy  has  pb-> 
served,  that  the  product  formed  by  the  oombitsdon  of 
potassium  in  dry  oxygen  gas  is^  from  th^  absefice  of  wi^ 
ter,  much  less  fusible  than  the  oosnmon  potash :  it  is  the 
alkali  in  its  pure  form,  and  requires  about  19  ptreetU^  of 
water  to  convert  it  into  a  substance  analogaus  feo  the  com- 
mon potash,  which,  ev^  when  it  has  been  heated  to  f  ed^ 
ness,  is  a  hydrate  of  potSBb. 

In  all  these  Ibrms  the  a&ali  has  a  strong  attraotioii  to 
an  additional  portion  of  water :  it  imbibes  it  rapidly  froHl 
the  atmoqpbere,  so  thitt  its  surface  become  humid,  and 
dissolves  in  less  than  its  own  w«ght  of  water,  finmung 
a  sdhition  d^se  and  sonkewhat  viscid^  It  is  very  fosible, 
minting  at  a  heat  of  360^  {  this  fusibility  is  owing  in 
part,  however*  to  the  water  it  contains.  At  a  red  beat  it  is 
volatih^.  So  great  is  its  causticity,  that  it  q^cfcfy 
erodes  animal  matter }  and  its  alkaline  powers  are  do  eherw 
getic,  that  the  most  minute  quantity  of  it  changes  the  blue, 
and  purple  colours  pf  vegetables  to  9  green* 
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Potash  has  the  distinguishing  alkaline  property,  that  of 
combining  with  acids,  and  neutralizing  the  acid  powers^ 
though,  as  a  larger  quantity  of  it  is  necessary- to  saturate 
a  given  weight  of  acid  than  is  required  of  ammonia  or 
soda,  it  is  probably  inferior  to  them  in  real  alkaline 
power. 

It  miites  too  with  oils  and  fats,  forming  soaps,  which, 
diough  concrete,  are  soft  or  gelatinous. 

With  some  of  the  ei^ths  it  ccnnbines  by  fusion^  and 
others  it  dissolves  even  in  the  state  of  its  watery  'solution. 

It  has  little  energy  of  action  on  the  metals,  but  com* 
bines  with  some  of  their  oxides.  It  unites  too  with  sul* 
phur  and  phosphorus,  rendering  them  to  a  certain  extent 
soluble  in  water,  and  enabling  them  to  decompose  it  by 
attracting  oxygen. 

From  the  numerous  and  powerful  chemical  actions 
which  it  exerts,  it  is  supplied  to  many  purposes  (rf*  utility 
in  the  arts,  and  as  it  is  the  alkali  most  easily  procured,  it 
is  the  one  most  extensively  lised.  It  is  thus  employed  in 
bleachii^,  dyeing,  soap-«iaking,  the  manufacture  of  glass 
and  others.  In  medicine,  it  is  employed  as  an  antacid,  i| 
lithontrip^c,  and  an  escharotic 

Besides  being  produced  in  the  vegetable,  it  is  found, 
though  not  in  lai^e  quantity,  in  the  mineral  kingdom, 
either  as  a  saline  combination,  or  as  an  ingredient  in  som^ 
earthy  fossils.  It  also  exists  in  several  of  the  animal  fluids 
and  solids. 
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OF  SODA. 


SooA  bdng  found  more  extensively  diffiisedjn  the  mi'i 
neral  kingdom  tlian  either  of  the  otjier  alkalis,  has  been 
denominated  Mineral  Alkali.  The  term  Soda  is  that 
usually  applied  to  it,  and;  is  unexceptionable. 

On  the  discovery  of  the  composition  of  potash,  Mr 
Davy  submitted  soda  to  the  same  methods  of  analysis,  and 
discovered,  that  it  is  a  compound  of  a  hiise  ^parently 
metallic  with  oxygen.  It  required  for  its  decomposition 
rather  a  greater  degree  of  galvanic  power  than  potash  did ; 
but  when  this  was  applied  in  sufficient  intensity,  the  phe- 
nomena were  similar ;  an  effervescence  was  produced  at 
the  positive  side,  which  was  found  to  arise  from  the  dis* 
engagement  of  oxygen  gas ;  and  at  the  surface  in  contact 
with  the  n^ative  wire,  globules  were  produced,  having 
metallic  lustre,  these  being  the  base  of  the  alkali ;  the  d^ 
composition  being  dfected  from  the  powerful  .attractions 
and  repulsions  exerted  at  the  different  galvanic  surfaces. 
This  base^  exposed  to,  the  air,  absorbed  oxygen,  and  re^ 
produced  soda;  the  same  result  took  place  more  speedily, 
and  with  the  phenomena  of  combustion,  when  it  wa9 
heated  in  oxygen  gas,  thus  confirming  the  analysis  by 
synthesis.     The  quantity  of  oxygoi  in  sodat.  M^  Davy 
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jRnmd  reason  to  conclude,  b  radier  larger  than  in  potash, 
its  proportion,  taking  tbe  moan  of  various  experiments^ 
being  21.5,  with  78.5  of  baise.  To  this  base  Mr  Davy 
gave  the  name  of  Sodium.  The  following  are  its  princi- 
pal properties : 

It  is  white  and  opaque,  with  metallic  lustre,  having  the 
general  appearance  of  sliver ;  it  is  very  malleable,  and  is  ao 
soft,  that  with  a  slight  force  it  can  be  extended  in  thla 
fc^es,  A  sbftnett  whidi  it  retains  etefii  wheii  cookd  to 
S9^.  Though  lighter  flton  water,  its  density  is  eao- 
rideiraMy  greater  than  thai  of  potassianf:  Mr  Davy  esti* 
mates  its  spec^  gnmty  at  .9S4^.  It  reqaires  a  Ughcr 
heat  to  ftntSt  it  than  potasrium  does :  al  190  it  b^ins  to 
lose  its  cohesion;  at  180  it  is  perfeetljinsed :  it  is  ako  less 
volalfle,  as  it  retnains  fixed  even  at  ignition. 

When  exposed  to  the  atmosphere  it  is  oxidated,  soda 
being  finmed  on  its  surfiice,  which  ddiquesoes  dowly. 
liVlieh  heated  neariy  to  ignition,  the  combination  is  at- 
tended with  combustion ;  the  small  globules  of  it,-  as  they 
are  produced  in  the  experiment  of  the  decomposition  of 
Ae  aBoeJi,  Brt  easily  inflamed  by  the  dectric  iq>arie»  snd 
when  sodium  is  heated  in  oxygen  gas,  it  bums  with  a 
vivid  white  fight,  emittii^  bright  sparks. 

Worn  its  strong  attraction  to  oxygeii,  it  decomposes 
water  n4>idly,  soda  being  formed  by  its  oxygenation,  and 
hydrogen  disengaged }  and  if  the  water  is  in  smcdl  quan- 
tity, die  heat  produced  is  such  as  to  inflame  die  sodium. 
It  is  inflamed  too  by  nitric  acid,  and  is  rapidDy  oxidated 
by  the  other  aeids.  Like  potassium,  it  seppeots  to  be  siis- 
ceptibfe  of  different  degrees  of  oxygenation ;  soda,  when 
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Mly  partudly  dd^xidiited,  fomung  «  sabitanoft  of  a  diErk 
gmy  oalour»  and  a  Mmikr  tubdtaace  bcijig  ptodupcd  «fani 
«oditim  ia  fiised  witli  a  portion  of  soda,  videb,  trfaeti  es- 
posed  to  ^  air,  or  moistoMd,  attracfa  oxygeOf  ao  aa  to 
pass  to  die  perfect  alkaline  state. 

Sodiuin  does  not  appear  to  be  dissolved  by  faydrogen^ 
probsl)}y  from  its  iKfarior  Tciatility*  It  oomhines  widi 
sttlpfaar  und  phosphoma^  the  oombination  being  attanded 
#itb  Afi  etdutioii  of  mndi  beat  and  hf^  and  Ae  com- 
poonds  being  similar  in  exMaal  properties  to  tkoaa  Arm* 
ed  by  potassinm  "vith  die  same  inflammables. 

il  mHtea  too  with  tbe  tiielalih  fiamisg  eompomids  wbidi 
f^lniii  tihe  general  metaiic  properties.  Ml^n  «ombBied 
with  quidesSrcgf  ki  so  smaH  a  proportion  as  ^4t  renders  it 
fixed,  fonning  a  solid  wbick  kas  the  sppearaaee  of  sBver. 
Afl  diese  ^crnipounds  are  dacompoaed  by  escposuva  to  air 
air  water,  the  sodium  by  absorption  of  oxygen  hi  swg  coiDh 
verted  into  so^ 

it  is  evident,  that  sodram  approadies  stUl  more  ckaely 
in  its  propeHies  than  potassium  does  to  the  oommon  mo- 
tais,  or  k  is  more  dense  and  mafleable,  and  kss  faibiaand 
volatile }  and  it  must  be  regarded  as  a  metaKc  stdbetaact* 

Soda  h  usuaS^  obtained  from  the  cotnbustion  of  marine 
vegetsMes,  of  which  diflferent  species  itffard  it  in  dMfepeut 
qoantities  and  states  of  purhy.  The  variosis  kinds  ef  ftuii 
or  sea^weed,  afford  m  this  oonntiytha  impure  attaljae  pro- 
duct, known  by  the  name  of  Kdp }  on  the  shcMres  of  tbe 
Mediterranean,  the  salsqla,  salicomiay  und  odbarsi  stthrd 
the  pur^r  barilla.    Event  it,  however,  contains  much  fa- 
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reign  matter :  the  soda  contained  in  it  is  combmed  witk 
carbonic  acid,  and  with 'this  are  associated  muiiate  mad 
sii^hate  of  soda,  charcoal,  lime,  magnesia,  and  siKrfinnB 
and  argilkceoua  earths.     The  origin  of  the  soda  aflExrrfed 
by  the  process  is  not  altogether  determined,  but  it  is  most 
.probable  that  it  is  ultimately  del'iYed  from  the  muriate  aC 
:$Dda  with  which  these  plants  are  from  their  mtuadoa  sap- 
plied;  as  when  they  are  tranq[>hmted  to  an  inland  situntioii, 
Jt  is.  established  by  the  experiments  of  Du  Hamd  and  G»» 
det,  thrt  the  quantity  they  itford  dmiimshes  pi«g«!«a 
and  after  some  years  they  afibrd  only  potash.  Vauqueliii's 
experimenis  prove,  that  in  the  salsola  soda,  carbonate  as 
well  as  muriate  of  soda  exists  previous  to  the  combustian. 
It  is  usually  from  barilla  that  soda  is  procured.     He 
barijla  in  powder  being  lixiviated  with  boiling  water,  the 
solution  on  evi^raticm  affords  crystals  of  the  salt  {anoed 
by  sodat  combined  with  carbonic  acid.     To  obtain  from 
this  the  pure  soda,  it  is  dissolved  in  twice  its  wei^tof wa- 
ter, to  which  is  added  as  much  lime  newlyiskked  as  gives 
a  thick  consistence :  this  being  poured  into  a  glass  fimnei, 
in  the  neck  of  which  a  piece  of  linen  is  put,  water  isadded 
as  the  filtration  proceeds  slowly,  imtil  the  quantity  of  so- 
lution is  equal  to  five  or  six  times  the  weight  of  the  sub- 
carbonate  that  had  been  employed.     The  lime  abstracts 
the  carbonic  acid,  its  affinity  to  it  being  aided  by  the  krge 
quantity  of  it  used,  and  the  slowness  with  which  the  solu- 
tion passes  through  it.     Still  the  soda  has  a  small  quanti- 
ty of  carbonic  acid  combined  i^th  it :  to  obtain  it  altoge- 
ther pure,  therefore,  it  requires  to  be  submitted  to  the  ac- 
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ti<Mi  of  iJkoholf  in  the  manner  described  under  the  history 
of  potash. 

Soda  thus  obtained  is  in  the  state  of  a  solid  white  mass, 
which  is  crystallized  with  difficulty ;  its  cr3rstels  are  prisms, 
but  are  not  regular :  even  in  its  driest  state,  it  contains,  like 
potash,  a  portion  of  combined  water,  -to  which  it  owes  in 
part  its  fiisilnli^.  It  is  acrid  and  caustic,  abundantly  so- 
luble in  water,  and  is  fused  and  volatilized  by  heat.  It 
changes  the  vegetable  odours  to  a  green,  and  combines 
with  the  acids,  neutralizing  the  acid  properties :  with  oils  it 
forms  soap ;  with  siliceous  earth  it  unites  by  fusion  and 
forms  glass :  it  combines  too  with  sulphur  and  phospho- 
rus, rendering  them  solublein  water,  and  enaUii^  them  to 
decompose  jt. 

So  dose  is  the  resemblance  in  properties  between  potash 
and  soda,  that  the  distinctions  between  them  in  properties 
respire  rather  niinute  attention  to  discover  thooL  Soda  iqp- 
pears  to  have  a  less  strong  attraction  to  water ;  in  their 
combinations  they  can  be  at  once  distinguished,  the  salts 
formed  by  the  one  united  with  the  acids,  having  qualities 
altogether  difierent  finom  those  of  the  other*  JBoth  are  ap- 
plied to  the  same  purposes. 
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OF  £ARTHS  AND  TfiEIB  BASES. 


Xftfi  esoAy  agg^regates  whkh  occur  in  nature  are  iiaminj 
iK^terogeneoas  or  compound ;  but  by  mmtysiM^  thensy  cbe- 
nmts  have  airiTod  at  Ae  knowledge  of  a  few  aohatanoe^ 
in  general  inaqptd,  of  no  lustre  or  truMpsrencyf  imimg  a 
feose  texture^  inaohibie  in  water,  unsntaraiBafale,  Tcry  £& 
ficultly  fiisiblei  and  of  moderate  specific  grsfitf .     These 
resistaigfittdier  aiia)fns»  lliey  regarded  as  simple  mibstan* 
ceS)  dtstiatfttrehuuF  tiheni  stiH  by  die  name  cf  Eisran^  aihI 
thus  alBxing  to  tins  term  a  signification  diffisrert  from  that 
which  it  has  in  popular  or  even  in  sunaralogiciAIailgiiag^ 
Four  substances  of  this  kind  were  known  to  theelderdw^ 
mists,  sileK,  aergil,  magneua,  and  lime :  other  two  woe  at 
terwards  made  kno^m,  baxytes  and  strontites,  and  mere 
lately  three,  zircon,  glucine,  and  ittria,  ha^  been  addsd 
to  the  number. 

The  important  discovery  has  also  been  made,  that  &ef 
are  not  simple  substances  but  compounds,  their  bases  beiiy 
somewhat  similar  to  those  of  the  alkalis,  and  these  bases 
being  united  with  oxygen.  From  the  similarity  of  the 
earths  in  chemical  prop^ies  to  the  metallic  oxides,  it  had 
often  been  conjectured  that  they  are  of  a  metallic  nature, 
and  thdr  reduction  had  frequ^fitly  been  attempted,  and  at 
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#ne  tkne  had  eten  been  supposed  to  have  been  aooom- 
plkhed.    ThiS)  biywev^,  was  a  miBtaken  result,  and  no- 
thing was  txvify  known  with  i^^ard  to  their  compoation> 
until  Mr  Davy,  after  his  dlsoovery  <^the  diemical  consti- 
tution of  the  iJkalis,  submitted  the  earths  in  a  similar  man* 
ner  to  the  action  of  galvanism.    Iliough  results  were  ob- 
tained  indicating  their  composition,  these  were  much  less 
perfect  than  those  obtained  H*ith  regard  to  the  alhaiis,  ow- 
ing partly  perhi^M  to  the  strength  of  affinity  betweoi  their 
princq^iles,  but  principally  to  their  being  less  p^ect  dec* 
trioal  conductors.    By  obviating  this  by  submitting  diem 
to  the  galvanic  action  in  mixture  with  potash,  or  wkhme* 
talic  oxides,  resaks  more  distinct  were  djlsnoad :  and  a 
method  en^kyed  by  Benseliitt  and  Pontin  proved  stffl 
more  «ucces8fal,*-^-placu^  them  in  the  galvanic  drcnit  widi 
quicksilver.    They  thus  obtained  the  metallic  bases  of  ba» 
tytes  and  fittie  in  cott^lmiatlon  with  ^k»  merouiy.  Mr  Da- 
vy, by  the  same  n^thod,  deoouqposed  strotitites  and  nu^- 
nesia,  and  by  distilKi^  die  qmdbalver,  obtained  fteir  bases. 
By  suhmitting  silex,  aergil,  sn<con,  or  gluciae,  to  the  ac- 
tion of  die  galvanic  battery  in  &sion  wkh  polndi  or  so* 
da,  or  in  contact  with  iron,  ot  fay  fiising  those  earths  with 
potssflium  and  inm,  appearsnces  were  obtaJned  indicating 
didr  decrnqxisitfon,  and  the  piodnodon  of  baaes  of  a  me- 
tallic ni^ure:  and  there  con remalfifittle doubt,  that aB  the 
esrths  are  compounds,  and  of  siailar  oonstittttion. 

Hi&bases  of  die  earths  obtained  in  these  esperiments 
approach  still  more  neariy-than  the  bases  of  the  alkalis  to 
the  conunon  metal%  and  the  earths  themselves  have  a 
stricter  resembknoe  dissi  the  alkalis  to  metsBic  oxidea. 
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Yet  there. aiie  also  grounds,  as  has  been  already  stated^, 
retaining  their  distinction  as  a  natural  order,    fomtiiig 
the  Jink  which  connects  the  alkalis  with  the  metals. 

Of  the  cWactm  assigned  to  the  earths,  none  can 
regarded   as   of  itself  altogether  distinctive.     They 
usually  said  to  be  insipid ;  but  there  are  three  of  them, 
ryteS)  strontite8>  and  lime,  which  have  a  strong  taste :  tkey 
have  also  been  considered  as  insoluble  in  water ;  and  tlie 
gi'eatcr  nuitiber  of  them  are  not  sensibly  soluble,  but  still 
these  three  earths  are  dissolved  in  a  certain  proportioii. 
Infosibility  is  a  character  less  equivocal,  as  there  is  none  of 
them  but  what  requires  at  least  a  very  intense  heat  for  its 
fusion.     They  are  altogether  uninflammable,  a  property 
obviously  arising  from  their  being  substances  saturated 
with  oxygen.     In  common  with  metallic  oxides,  they  are 
destitute  of  metallic  lustre  and  opacity.  . 

The  earths  combine  with  the  acids  and  neutralize  the 
acid  properties  ;  these  combinations,  in  the  laws  they  ob- 
serve, and  the  compounds  to  which  they  give  rise,  being  si- 
milar to  those  which  the  alkalis  form  widi  the  acids.  There 
is  an  exception  to  this  in  one  earth,  silex,  which,  in  the 
humid  way,  scarcely  unites  with  any  acid  but  the  fluoric, 
and  which  does  pot  produce  the  state  of  neutralization.  It 
is  the  substance,  therefore,  which  is  at  once  most  remote 
from  the  alkalis,  and  from  the  metallic  oxides. 

One  property  has  been  assigned  as  distinctive  of  the 
earthy  from  the  metallic  salts,  that  the  solutions  of  the 
former  arc  not  precipitated  by  prussiate  of  potash.  Tliis 
is  not,  however,  without  exceptions,  the  eartli  named 
ittria,  and  also,  as  Klaproth  has  affirmed,  zircon,  giving 
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precipitates  with  thisteftt.  In  gei^er&l^  the  earthy  isate 
are  npt  much  altered  by  infusion  of  galls,  are-i^geatiwhicli 
so  sensibly  affects  metallic  salts:  neither  are  they  coloured. 
Ittria  affi)rd«  also,  however,  an  exception  to  this^  some  of 
its  salts  having  a  red  colour,  and  being  precipitated' by  in* 
fusion  of  galls;  and  from  these  tBircumstanccsr'it  ought  per* 
haps  to  be  transferred  to  the  class  of  metals;  though  it  bos 
not  been  actually  reduced  to  themetallio  state.  None  of 
these  characters,  indeed,'  is  v4ry  distinctive.  ' 

Several  'of  the  earths  combifie  with  sulphur  and  phos- 
phorus, and  like  the  alkalis  render  diese  inflammables  so- 
luble in  water,  and  capable  of  dteomposiQg  it.  The  same 
earths  unite  with  sulphuretted  hydrogen. 

The  earths  and  alkalis  combine.  By  fusion  witii  either 
of  the  fixed  alkalis,  they  form  glasses,  and  the  alkali  digest- 
ed with  water  on  several  earths,  dissolves  a  portion  of 
them. 

The  earths  combine  with  the  metallic  oxides  by  fusion, 
forming  coloured  glasses,  and  they  even  exert  mutual  affi- 
nities in  the  humid  way,  producing  in  their  mixture  mois- 
tened with  water  a  degree  of  induration. 

Lastly,  the  earths  exert  afiinities  to  each  other.  Seve- 
ral of  them  combine  by  fiision,  &rming  glasses  more  or 
less  transparent.  And  when  boiled  together  in  water,  it 
frequently  happens,  that  an  earth  insoluble  by  itself  is 
dissolved  by  the  affinity  exerted  to  it  by  another  earth, 
which  is  itself  of  sparing  solubility.  Then*  mutual  aflinities 
.  exerted  in  the  humid  way  is  well  displayed  by  another 
feet,  that  if  solutions  of  two  earths  in  .the  same  solvent  be 
mixed  t(^etfaer>   in  differept  casQs,  they  combine,  tl^e 
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power  of  die  sohentis  overcome^  and  thqr  fonn  ad  Sqso* 
liibfe  predpttttle.  And  in  aK*  Uiese  coinbinatio]is(»  tfae 
eMiiis  modify  matarisDy  tlie  properties  of  e«eh  <itlitr« 

Of  the  diffinrent  earths,  barytas,  strontites  and  fime 
have  properties  oomidefaMj  aAak>goiia  to  those  o^ 
lis.  They  are  to  a  certain  cKtentsoliAle  in  watery  their 
sohition  has  an  aerid  taste,  and  diai^ges  the  vegetable  Une 
and  purple  ookurs  to  a  green.  They  have  hence  beai 
named  Alkaline  Earths,  and^  as  has  been  abeady  remaA.^- 
ed,  it  has  eren  been  proposed  to  transfer  than  &wa  the 
class  of  Earths  to  that  of  Alkalis.  Hiey  are  still  on  the 
whole,  however,  more  strictly  connected  with  A^  other 
earths ;  and  they  may  be  placed  at  the  head  of  the  order, 
forming  the  transition  from  the  alkalis. 


CHAP.  L 


OF  BARYTES  AKD  IIS  3A8E. 


This  earth  was  discovered  by  the  Swedish  Chemitt^ 
Sdieele  and  Oahn.  It  received  the  name  of  Terra  Bm- 
derosa,  from  the  great  q>ecif)c  gravity  of  some  of  its  oom- 
binations,  a  name  changed  by  Kirwrn  to  that  of  Baiytes. 
It  occurs  in  nature  combined  with  su^huric  acid  and  esF- 
bonic  acid. 

This  earth  had  always  been  morepeculiaily  siqaposedto 
be  of  a  metallic  nature,  partly  from  the  great  w&^  of 
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ite  Mtive  ca»bui»tioii$»  and  partly  £rom  tome  of  it*  saline 
ocMnpoiuidb  proving  poiscHooas  ta  animab*  But  this  »«. 
mained  a  mere  conjectttxc^  uittil  the  discovery  of  ita  eom* 
poafttion  by  the  application  of  galvanism.  Mr  Davy  on 
pbunng  it  ahghtl^  moistened  alone^  or  mixed  witk  potaah^ 
in  the  galvanic  circuit,  obtained  appearances  of  decoii»» 
position,  and  the  evolution  of  metallic  matter.  Following 
the  metthod  discovered  by  Berzelius  and  Pcmtin,  of  phcing 
tbe  barytes  in  contact  with  quiehsikef ,  in  conmnmicadoii 
wi^  the  negative  side  of  the  galvanic  bafttety,  the  analyua 
iras  move  cc»iipletely  eifidcted ;  the  quidi:sihrer  had  its  flui- 
dity diminished,  and  on  expodng  it  to  the  air,  it  became 
covered  with  a  flhn  of  faavytes.  And  the  experiment  was 
stffl  mdte  sttoccssfiil  in  substitutuitg  osdde  of  qui^silven 
He  thos  obtained  an  aaoa^pma,  fitmi  whidi  the  quicksilver 
was  separated  by  dbtiBatioa,  leaving  the  metallic  base  of 
the  barytes^  a  sabstance  which  Mr  Davy  named  Babiuit, 
and  whicbf  as  ofatained  by  this  experiment^  he  fisund  pos* 
sessed  of  the  feBowing  properties. 

It  is  solid,  of  a  white  ctdour,  with  metallic  histre,  having 
a  resenUance  to  silver.  It  meks  at  aheot  injEerior  to  ig^ 
pitioii,  but  is  not  volattliaed  even  when  heated  to  redness* 
Exposed  to  the  air,  it  tamiabes  rapidly,  and  falls  into  a 
white  powder,  which  is  ^barytes,  oxygen  being  absorbed. 
Dropt  into  water^  it  immediatBly  decomposes  it,  evplving 
hydrogioi^  and  being  convefted  into  barytes.  It  sinks  not 
only  in  water,,  but  hi  gu^huric  add,  and  Mr  Davy  siip^ 
poses  it  to  be  four  or  five  times  heavier  than  water.  It  is 
flattened  by.  j^eeaaate  strong  appHed.  Mr  Davy  was 
unable  to  ascertain  the  proportion  of  oxygen  with  whieh 
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it  IB  cfoabiaed  in  Che  compoBition  of  the  earth;  but  fbe 
&cts  were  ascertained  that  it  tixorbtf  oxygen^  gains  weight 
by  this  abscnption)  and  that  barytes  in  its  driest  state 
is  the  product  of  this  operation ;  whence  it  foUowsy  that 
this  earth  is  a' compound  of  this  metallic  matter  and  oxy- 
gen. 

« 

Barttss  is  prooired  either  from  the  native  caibcMi- 
ate  or  sulphate.  From  the  former  it  isobtained,  as  Dr 
Hope  first  shewed^  by  urging  it  with  the  powerfiil  heat 
of  a  forge  fire  in  a  black  lead  crudblet  the  carbonic  add 
being  expelled  ;  and  by  dissaving  the  residmd  matter  in 
water,  the  barytes  may  be  crystaUized.  The  sulphate  nay 
be  decomposed  by  eiq^Hising  it  to  a  red  heat  for  two- hours 
in  a  covered  crudble,  mixed  with  one-third  its  wdgiit  of 
chaccoal.  By  addii^  water  to  the  residual  mattar,  a  com- 
pound of  barytes  with  sulphur  and  su^huretted  hy^irogen 
is  dissolved ;  firom  this  the  barytes  may  be  predpitated  m 
the  state  of  carbonate,  by  the  additicm  of  carbonate  of  po- 
tash' ;  or  by  adding  nitric  acid,  nitrate  of  barytes  is  form- 
ed, andean  be  obtained  crystallized ;  and  dther  the  car- 
bcmate  or  nitrate  thus  procured  can  be  decomposed  by 
exposure  to  a  suffident  heat,  and  the  pure  eurth.  obtain-* 
ed. 

.  As  aflbrded  by  these  processes,  barytes  is  in  the  state 
<tf  a  grey,  solid  mass ;  its  taste  is  extremefyharslLaDd  cau- 
stic Exposed  totlie  air  it  splits,  falk  to  pieces^  and  is  at 
length  reduced  to  a  white  powder, — changes  analogous  to 
the.  slaking  of  limc^  and  arising  like  it  fix>m  aboorption  of 
water.       * 
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Barytes,  when  combined  with  a  portion  of  water,  melts 
when  raised  to  a  red  heat  $  when  this  is  dissipated,  it  re- 
quires a  more  intense  heat  for  its  fusion.  It  appears, 
however,  to  be  the  most  fiisible  of  the  earths. 

It  is  sc^ble  in  water,  and  its  sohibility  is  greater  than 
that  of  the  other  eardis.  When  it  has  been  obtained  in  a 
solid  dry  mass,  on  adding  to  this  a  largar  quantity  of  w8p> 
ter  than  is  necessary  to  sbke  it,  a  portion  of  it  dissohres, 
and  afterwards  forms  a  congeries  of  transparent  needle- 
like crystals,  which,  accoiding  to  Dr  Hope,  who  observed 
this  phenomenon,,  are  flat  six-sidedl  prisms  acuminate{i  by 
four  planes.  He  found  them  to  be  scdnble  in  17.5  of  wap* 
ter,  at  the  t^nperature  of  60.  The  escsiocated  barytes, 
according  to  Vauquelin,  dissolves  in  25  parts  of  cold  wa- 
ter,  and  in  twice  its  weight  of  boiling  water,  the  latter 
solution  forming  crystals  on  cooling.  The  crystals  of  ba- 
rytes  kse  their  water  on  escposure  to  the  air,  and  they 
snflfer  th^  same  change  from  the  application  of  heat.  The 
wuery  «.lution  has  »  rtrong  acrid  taste,  and  changes  the 
vegetable  blue  colours  to  a  green ;  a  film  forms  on  it  when 
it  is  exposed  to  the  air  firom  absorption  of  carbonic  acid- 

'Bar3rtes  combines  with  th^  acids ;  and  as  it  decomposed 
a  number  of  the  saks  which  the  a&aUs  form  with  the 
acids,  it  has  been  supposed  to  exert  to  them  stronger  at- 
tractioiis.  These  decompositions  appear,  however,  rather 
to  be  owing  to  the  exertion  of  the  force  of  cohesion,  firom 
tHe  insolubility  of  the  onnpounds  which  it  forms  with 
these  acids,  than  to  superior  straigth  of  affinity :  and  in 
the  power  of  neutralizing  the  add  properties,  it  is  in&ripr 
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to  the.'alkalisy  and  to.  the  gseiter  munber  of  Hob:  odieF 

m 

Mcths. 

Btfytes.  unites  b;r  AttiDB  with  the  fixed  alkali%  and  ISc^- 
wise  with  several  of  the^earths^  though  diere  are  othara  of 
diem  with  which  it  dbsa  not  combine.  « It  comhiDes  with 
several  of  them  in  the  humid  way,.  Ad  comioiinicates  tc^ 
them  solobilily^  or  othenrise  modifies,  thaic  prapolias* 
ThusJt  tendevs.aigil  soluble  in*  water,  and  aikK.it  enablea 
to  combine  witb  different  acids. 

Baiytes  combines*  with  aulpfamr,  either  by  fasitm  or  bf. 
boiling  than  together  in  watar,  and  by  a  resultitig  affinitjr 
enables  the  sulphur  to  deconqsose  the  watexv  It  exerts  a 
similar  action  on  phosphorus*  And  it  unites  witk  some 
of  the  metallic  oxides. 

A  chemical  property  which  has'  been  aasigned  to  hary^ 
tes,  as  distinctive  of  it,  is  that  of  its  salts  giving  a  prac^* 
tate  with  prussiate  of  potash,  a  proper^  not  beloi^n^  to 
the  other  earths,,  but  characteri^tio  of  the  metakk  Thia^ 
precipitation,  howev^,*  arises  firom  the  impurity.  o£  the 
prussiaie,  and  in  particular  from  its  containing  au^uno 
acid.  When  pure,  no  immediate  precipitation  is  produc- 
ed by  it  in  the  barytic  salt,  though,  after  a  few  hours,  if 
the  solution  is  sufficiently  conoeBtrated,  ciystals^  of  pros- 
s&te  of  baiytes  ai£  formed. 

This  earth  exerts  considerable  activity  on  thir  living 
sgrstem,  and^  several  of  its>saline  combinations  piove  eveib 
poisonous^ 
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OP  STKOHTITES. 

The  native  eaibonate  of  strontttes,  fouiid  at  the  mine 
of  Stroiitian  in  Argyleshire,  had  been  congidered  as  a  va^ 
riety  of  carbonate  of  barytes,  until  Dr  Hope  shewed  that 
the  earth  it  contains  is  difierent  firom  borytes  and  from 
anj  other.  He  at  the  same  time  pointed  out  its  {urinci- 
pal  properties  and  chemical  relations.  Kl^rodi  also 
and  PeDeti^r  afterwards  demonstrated  the  existence  of 
this  as  a  distinct  earth.  It  derives  its  name  from  the  place 
where  it  was  first  found.  It  has  besides  been  discovered 
native  in  different  countries  in'the  state  of  su^hate. 

The  decomposition  of  this  earth  has  been  effected  by 
snl)mitting  it  to  the  action  of  galvanism^  in  the  same  man-, 
ner  as  barytes,  and  by  a  similar  process  its  base  has  beeil 
obtained.  To  this  base  Mr  Davy  has  giveii  the  name  of 
Stroivtivm.  Its  properdeB  have  been,  however^  only 
imperfectly  examined.  In  lustre,  c6knr,  specific  gravi^^ 
axid  other  physical  properties,  it  appear^  to  be  similar  to 
the  metallic  base  of  barytes ;  by  exposure  to  the  air  it  ir 
converted  into  strontjtes,  absoibitig  oxygen,  and  gfdomg 
weight  in  this  conversion. 

SmpiffTrrES  is  obtained  from  either  the  native  qdbo^ 
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nate  or  sulphate,  by  processes  the  same  as  those  whicb 
have  been  described  under  the  history  of  barytes.  It  is 
obtained  crystallized,  by  dissolving  the  dry  solid  mass  in 
boiling  water,  and  allowing  the  solution  to  cool  \  -crystals 
are  formed  an  inch  in  length,  the  form  of  which  is  a  thin 
quadrangular  table,  or  compressed  prism^  sometimes  be- 
velled at  the  extremities ;  they  ^re  transparent,  but  be- 
come white  and  opaque  on  exposure  to  the  air,  from  los- 
ing their  water  of  crystallization.  The  taste  of  this  earth 
is  less  harsh  than  that  of  bary tes,  and  it  is  not  poisQD>> . 
ous. .  ,  ' 

Crystallized  strontites  exposed  to  heat  liquefies  from 
the  augmented  solvent  power  of  the  water  of  crystalliza^ 
tion ;  when  this  is  expelled,  tlie  white  powder  which  re- 
mains cannot  be  iused  even  by  a  very  intense  heat. 

Strontites  is  soluble  in  water,  the  crystals  requiring  50 
parts  at  60^ ;  boiling  water  dissolves  half  its  weight  near- 
ly. In  its  dry  and  uncrystallized  state,  it  of  course  re-- 
'  quires  a  much  larger  quantity,  nearly  200  parts  at  60^. 
The  solution  changes  the  vegetable  colours  to  a  green. 
This  earth  is  likewise  soluble  in  alkohoL 

Strontites  combines  with  the  acids  forming  salts,  ^of 
which  .some  are  soluble  and  crystallizable  \  others  insolu- 
ble. The  same  superiority  in  strength  of  affinity  has 
been,  ascribed  to  this  earth  as  to  barjtes,  from  its  decosn- 
posing  the  salts  of  the  alkalis  and  other  earths,  but  this 
arises  from  the  same  cause,  the  insolubility  of  the  com- 
pounds it  forms  with  the  acids  of  the  salts  in  winch  it  oc- 
casions these  decompositions.  Its  salts  are  in  general 
decomposed  by  barytes.    Dissolved  in  alkohol,  they  give 
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il  tlie  property  of  burning  with  a  blood  red  flame,  a  pro* 
perty  which  has  been  assigned  as  one  of  those  distinctive 
of  this  earth. 

Strontites  exerts  no  pecuHar  action  on  the  alkalis,  nor 
in  general  on  the  other  earths,  though  with  some  of  the 

latter  it  combines  by  iiision.     It  unites  with  sulphur ;  the 

« 

compound  is  soluble  in  water,  and  at  the  same  time  de- 
composes it  On  phosphorus  its  action  is  similar. 
-  This  earth  resemble  barytes  in  so  Many  of  its  proper- 
ties, that  distinctive  characters  require  to  be  pointed  out, 
by  which  they  may  be  discriminated.  Strontites  is  less 
soluble  in  water ;  the  forms  of  its  crystals  are  difibroit ;  its 
salts,  particularly  the  nitrate  and  muriate,  are  consideraUy 
more  soIuMe  in  water,  and  their  solubility  is  augmented 
in  a  greater  ratio  by  heat  $  they  are  decomposed  by  bary* 
tes ;  and  they  give  a  Uood  red  colour  to  the  flame  of 
combustible  bodies.  Two  re-agents  distinguish  them  in 
their  combinations.  The  watery  solution  of  strontites  is 
not  like  that  of  barytes  precipitated  by  malic  or  gallic 
acid :  and  ^en  the  salts  of  strontites  arc  decomposed  by 
OTcaHc  acid,  the  precipitate  is  not  redissoh^ed  by  an  excess 
of  acid>  as  thut  from  the'barytic  salts  is. 
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Tun  enrth  e9u«t»  in  gr^at  abimdanee  m  natnr^^  tpsnaDji 
in  combination  with  acicU.  Its  ooaipouod  with  partxMw 
add  fonns  the  nuiQ^iMmf  varieties  of  litfirUet  lunefUm^ 
dialk  and  maii :  with  Milphimc  acid  it  fonna  gypava  or 
phater  stone »  and  in  these  and  other  saline  cofobuiationa 
it  exists  in  the  water  of  springs*  in  the  water  of  the  ooeeii# 

WYeffetaUe  and  in  animal  matter* 
Sirinnitted  to  tha  adiQuj>f  galvanism  In  Vifjk  kktensiif, 
lime  gave  indications  of  decomposition »  and  when  theqiie^ 
tbod  dflsoribad  nndar  the  histoqr  pf  baiytes  wa9  opplof «• 
ed,  Mr  Davy  obtained  diie  amalgam  of  its  base.    This 
amalgam  exposed  to  the  air  or  $o  water»  abscnrb^  osgr- 
gen,  liaie  being  reproduced.    In  an  eiFperiioenl  dfwffwl 
to  obtain  the  base  in  an  insulated  stale  by  distfUillg  the 
quicksilver  from  it,  the  tube  broke  while  warm,  and  at  the 
moment  that  the  air  entered,  the  metal,  which  had  the 
colour  and  lustre  of  silver,  took  fire,  and  burnt  with  an 
intense  white  light  into  quicklime.     To  this  base  Mr  Dar 
ty  gave  the  name  of  Calcium. 


Lime  is  obtained  ^with  most  facility  from  the  native 
bonatC)  firom  which,  by  a  strong  heat,  the  carbonic 


iiuijr1)e'«iEprifii9d.  Tliis'pinoeflBJscaiidaeted^n&tegeseale 
oei  thediffei«nt  vafrieCies  bf  Hmeitoiie,  £»r  the  puvposes  to 
which  lime  is  applied.  As  it  is  not  lobtatned  altogether 
pare,  the  chemistj  to  li»7e  it  in  a  sttfte  c^  purity,  disBoms 
marble  or  cbotk  ia  d^ted  mnriatic  *acid,  leaving  an  excess 
of  Ume  iicndissoked :  any  predpitBte  afforded  by  the  addi- 
tion  of  ptire  ammonia  is  sQpara^ ;  the  soltrtion  is  then  de- 
c^niposed  by  carboailte  of  potash  or  soda>  and  the  carbo- 
nate iA  lime  being  washed  with  water  and  dmd,  is  d^ 
cmnposed  by  heat 

Ijiflae  is  wUle^  moderately  hard  and  bricde :  exposed  to 
die  air  it  qHickiy  ribeof  bs  wnt^,  which  'dimittiakes  its  oo- 
iiesion,  and  Causes  it  to  fall  down  into  a  whke  powder  ex-* 
tf  ewwiy  fine ;  tbis4s;the'fllaldng  of  lime,  it  tflkeftpiiM!e  ra- 
pid]^ from  the  aflnsion  of  waier  $  iktt  qtnuitity  absorihed  id 
eqtfel'toone^lMiffh  >of  the  iKwight  of  the  linie ;  and  flromifii 
tMMitioa  to  a  eolid  «jtalie  in  combiniiig  wMi  the  Hme,  a 
iaf^  ^sEiftity  of  oalorfe  b  evolved,  prodtrcing  considerable 
jieac* 

'  Lime  is  infusible  $  tat  least  it;  does  not  melt  in  the  in^ 
tenae  heat  esoeited  by  ihe  conceiWr^^ton  of  t)ie  soitA*  rays 
by  the  most  powerftil  bun^g  mli^or^  or  dint  excited  in 
the  burning  of  combfurtible  matted  by  oxygen  gas. 

It  fs  floliible  in  watery  €he  #ati^  at  60®  Absolving  about 
T^th  of  its  weight :  at  212^  it  didsol^es  double  that  quan^ 
tity,  d^MMiting  the  excess  as  it  cools.  Tbe  solution^  Lime 
water  as  it  is  named,  has  a  strong  styptic  taste>  and  chan- 
ges the  vegetable  blue  and  purple  colours  to  a  green.  Ex- 
posed to  the  air,  a  film  forms  on  its  surface  from  the  ab- 
iaorption  of  carbonic  acid,  and  the  whole  of  the  lime  near^ 
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ly  is  at  length  predpitated  in  the  gtate  of  carbonate.  The 
same  absorption  of  carbonic  acid  takes  place  in  dry  lime, 
though  much  more  slowly. 

With  the  acids  lime  combines,  neutralizing  the  acid 
properties.  Its  salts  are  in  general  decomposed  by  potash 
or  soda,  either  of  which  precipitates  the  lime  from  their 
solutions ;  but  not  by  ammonia,  probably  from  the  tenden- 
cy which  this  alkali  has  to  form  a  ternary  compound  with 
the  acid  and  the  hme. 

Lime  does  not  combine  with  the  fbced  alkalis  i3y  Vi- 
sion, nor  with  batytes  or  strontites  s  but  it  iinitesekheria 
the  humid  way,  or  by  the  application  of  heat^  with  toapn^ 
sia,  argil  and  sileac. 

It  combines  with  sulphur  and  with  pho6phorufl»  render* 
ing  them  soluble  in  water,  and  capable  of  decompofiing  k 
at  a  low  temperature.     It  mehs  too,  with  sererai  of  the 

« 

metallic  oxides,  forming  cbloured  glasses ;  it  even  exarts 
aifibities  to  several  of  them  in  the  humid  way,  and  in  con- 
sequence  of  these  affinities  promotes  the  oxidation  of  the 
metals  themselves  by  the  action  <^  air  or  water. 

Of  the  diiferent  earths,  lime  is  most  extensiTely  used. 
It  is  Implied  as  a  manure  in  agriculture  $  it  ferms  the  ba- 
sis of  mortar ;  and  in  practical  chenustry,  and  many  of 
the  chemical  arts,  it  admits  of  numerous  applications  firoi^ 
its  chetnical  agencies. 
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THiseaith)  in  the  state  of  carboBate»  had  besm  employ^ 
ed  in  medicine,  and  had  been  considered  as  analogous  t0 
carbonate  of  lime.  Hoffinan  observed,  that  it  foimed  with 
iKilphiiric  add  a  salt  very  difierent  frotnrthgt  formed  by  lime 
with  the  same  acid  And  Dr  Black  discovering  its  princi' 
pal  properties,  prov^  it  to  be  essaitially  different  from  the 
other  earths. 

It  is  not  mudi  asfiected  by  galvanism,  probably  from  the 
difficulty  of  rendering  it  a  conductor  of  electricity.  But 
when  some  of  its  saline  compounds  are  submitted  in  the 
teual  manner,  in  contact  with  quicksilver,  togalvanic  action, 
an  amalgam  is  obtained,  which  contains  the  metallic  base 
ef  magnesia,  as  this  earth  is  formed  on  its  suifoce  by  ex*- 
posDie  to  the  air.  From  this  amalgam,  Mr  Davy  found 
it  iT^ff^yplt.  to  expd  the  whole  of  the  quicksilver,  the  glass 
tube  in  which  heat  was  tqsplied  to  it  being  acted  on.  In 
one  experimait  a  solid  was  obtained,  hairing  the  white  co- 
lour  and  the  lustre  of  the  metallic  bases  of  the  other  earths, 
which  sunk  rapidly  in  water,  producing  magnesia,  and 
was  also  covered  with  a  crust  of  magnesia  on  exposure  to 
the  air.  To  this  substance  the  name  of  Maghssivm  may 
be  giveuf 
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Magnesia,  tmder  various  states  of  saline  <conibiiiatMR, 
eidsts  in  nature  in  considerable  quantity.     It  is  fbuiul,  in 
{Nurticular,  in  the  water  of  the  ocean,  united  with  solphii- 
'  ric  and  muriatic  acids,  and  the  same  salts  frequentfy  esdst 
in  mineral  springs.     From  ^Mier  of  them  the  magnesia 
may  be  procured  by  decomposing  them,  by  adding  to  their 
boiling  solution  an  alkaitBe  oafba&ate ;  the  carbonate  c^ 
magnesia  is  precipitated,  and  being  thoroughly  washed  and 
Jbne^f  {bb?  i^f^boiuc  iKMib:«iqpeQ«ifr«m  the  magnesia  by 
aredhetM^ 

M^^NMift  oblaiaed  iiy ^is  frooess  is. in  the  ton  df  a 
WiUte  li^iqMig}r.po»ider«  my  soft  to  the  touch,  modo- 
jDom^  mi  haiwg  a  di^tdiy  bitter  taste.  U  flHght^  chan* 
ges  tfael)hie  vcgetaUboolotuBtoagMen. 

It  is  infusible  when  exposed  even  to  the  most  intense 
lieatp  If  peewusly  laade  into  a  paste  with  wateo  it  mif- 
fere  contfattioii  wh^i  eMpoaed  to  a  siiddM  faeaiU 

It  is  insoUble  in  water  I  iriieiifdfy,  it  absocbsapoitiiHr 
<.f  w«l»r. ^^  .ot ibm  «ith it ndutik pail.. 

Ma^Msta  combines  with  the  acidsc  ite  satis  are  ia  gi^ 
neial  Tery  ^ohiUe  end  ci'yBlailizaUK  ^x^  I^m^  ^  in»7  ^^ 
ttr  taste.  Tl»y  aie  dcxsompoatd  by  4ihe  fiied  aikalb 
by  the  elUiae  earths,  the  magnesia  beieg  pimpitiiiA 
Heir  dsOMopositioii  fay  ammonia  is  partial,  Ak  afloKle^ 
ving  a  tendency  to  fcm  with  the  magnesia  and  acid  tes^ 
nary  eoeipottiids. 

It*exerts  tio  reeiprocsal  actimi  with  the  alkalis,  ner  With 
the  alkalioe  earths.  It  oombines  fay  ftisioii  with  liiee»  ud 
in  the  humul  way  it  eaeits  an  affini^  to  ai^l>  oombiaiag 
with  it,  and  modifying  its  properties.  *.  s  •  s 
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It  ooihUiie8,tfap«ig)iTery  imperfectly  m  Bj 

fi^hiiMtted  hydxiogiff^  it  b  dwolvQ^  in  cnu^l  qmiwti^* 
Qn  tbe  met^b  01^  i^etrilh  oxides  it  ^^erto  no  e^i^wt  M^ 
tic*- 

M^ffti^ua  19  9€axc^  Bjpip^ed  to  luiy  ut^  eKcqpt  ki  oie^ 
^cme  as  an  antacid.  Son^e  of  tbe  natjve  combinations  of 
it  with  otber  wrtba  jbaiw  b^en  imd  io  tbe  irwilift^Jffy  <tf 
.porpdwi. 


CJIAP.  V. 

OV  ABGO. 

THiaearlkiB  ibebMeofdiediflEexwitckyB^whmcethe 
imne  of  Argil  ba«  been  given  to  it.  Being  }ikflwiae  the 
base  of  tbe  saltp  biiown  by  the  name  of  Alue«t  it  hm  r^ 
coived  tbe  appdlatioA  of  Ahunina>  Hie  frrmer  ]»  pvefi^r 
sabfef  aa  leas  ambiguona.  Though  it  exiataio  Ofttwre  jtty 
nearly  in  a  state  of  purity,  fimning  the  sqapbire  and  aowe 
olib^  gemsy  its  state  of  aggregation  in  theie  fonw  of  il 
disgiuses  its  dielkiical  properties  ^  and  it  is  dmrefove  as  it 
is  obtained  by  an  artificial  proce^  that  it  is  usHaQy  di^ 
loribed.  .    ^ 

The  decomposition  of  .this  earth  by  galvanim  has  btw 
very  imperfectly  eflbcted«  The  uaual  medbcds  prored'ttii* 
auccessfiil,  and  Mr  Davy  obtamed  imly  imprtrfiMA  iiidii»* 
lioBS  by  another  method,<-«^sobmitting  tlie  argil  to  gDhraaae 
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miction  in  fosion  vriib  potash  or  soda.     Hie  metallic   nHtt- 
ter  obtained  consisted  principally  of  potassium  or  sodium ; 
but  with  this  was  evidently  combined  a  small  portion  of 
the  base  of  the  argil,  for  when  this  metallic  matter-  was 
oxyg^ated  by  wdter,  it  produced  not  onljr  the  alkali,  bat 
ft  minute  quantity  of  Ihis  earth. 

^   The  artificial  'prodess  by  which   argilhcMus  earth  b 
usually  obtained,  consists  in  dissolving  common  alum  in 
water,  and  decomposing  it  by  the  addition  of  ammoma, 
this  combining  with  (he  acid  of  the  alum,  and  precipita- 
ting the  argil  which  is  its  base«     To  this  a  little  of  the  acid 
may  however  adhere  ;  and  to  obtain  the  earth,  therefore, 
in  a  state  of  perfect  purity,  the  precipitate,  after  having 
been  thoroughly  washed,  is  redissolved  in  nitric  acid,  pre- 
cipitated a  second  time  by  ammonia,  and  after  being  wash- 
ed and  dried,  exposed  to  a  red  heat 

Argil,  obtained  by  these  processes,  is  in  the  state  of  a 
light  white  powder,  spongy  and  soft.     It  is  peculiarly  dis- 
tinguished by  forming  with  water  a  paste,  which,  when 
kneaded,  is  tenacious  and  ductile ;  and  it  is  from  the  pre- 
sence of  this  earth  that  the  natural  days  derive  thdr  plas- 
tfe>  quality.    Though  no  sensible  quantity  of  it  is  dissolved 
by  water,  it  ibrms  with  it  an  imperfect  combiiiadcn,  the 
loose  precipitfite-  of  argi^  from  the  decdinposition  of  its 
saline  compoiwdsy  being  somewhat  gelatinous  ^  and  if  dtf^ 
fused  in  a  large  quantity  of  water,  it  retains  a  portjon  of 
it  in  sttbsidiiig,  and  even  in  drying,  forming  a  kind  of 
tranfiparent  brittle  mass;  whUe,   if  precipitated  fro^i  a 
0onoehtrated  solution,  without  being  diffiised  in  water,  it 
fcnns,  when*  driedi  a  loose  powder.  .  The  latter  has  boen 
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nafa^  l^>ongy)  the  former  Gelatinous  Argil  j  it  retains 
tlie  water  it  has  imbibed  so  strongly,  that  even  exposure  to 
a  red  heat  does  not  entirely  expel  it.  , 

The  paste  formed  by  kneading  argil  ynib  water,  cout^ 
tracts  from  theapplication  of  heat;  ihe  contraction,  as  .has. 
already  been  stated,  in  considering  the  application  of  thi» 
to  pyrometry,  continuing  to  proceed  even  at  the  most  in-^ 
tense  heats  long  after  the  whole  of  the  water  has  been  ex^ 
pelled.  The  clay  at  the  same  time  acquires  a. great  de- 
gree of  hardness  from  its  augmented  a^regadon.  In  the 
intense  heat  of  the  most  powerful  burning  mirror,  argil 
does  not  melt,  but  the  fusion  of  it  in  minute  quantities 
has  been  efiFected  by  the  heat  excited  by  a  stream  of  oxy- 
gen gas  directed  on  burning  charcoal. 

Argil  combines  with  the  acids,  neutralizing  the  acid 
properties.     Those  of  its  salts  which  are  soluble  have  a 
^  sweetish,  and,  at  the  same  time,  astringent  taste.     Tliey 
are  decomposed  by  the  alkalis  and  alkaline  earths. 

Argil  combines  more  readily  than  the  other  earths  with 
the  alkalis.  When  its  salts  are  decomposed  by  potash  or 
^d%  an  excess  of.  either  added  redissolves  the  precipitate 
of  argil,  forming  with  the  acid  a  ternary  compound. 
They  can  dissolve  argil  alone  j  and  they  form  with  it  by. 
fusion  a  species  of  combination,  in  which  the  argil  is  ren- 
dered soluble  in  water. 

Argil  exerts  affinities  to  the  other  earths,  both  in  the 
humid  way  and  by  fusion.  Barytes  and  strontites  render 
it  soluble  in  water.  Lime  forms  with  it  an  insoluble  com- 
pound,  but  the  argil  in  this  combination  renders  the  lime 
soluble  to  a  certain  extent  in  alkaline  liquors.     It  also 
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Ubites  in  the  humid  way  with  silez,  and^- wltat  is  sTungaimF 
effeetf  rend^s  tkbeirth  soluble  in  acids.    The  oomhtziA- 
tion  of  argil  with  silex  by  fiuion,  forms  the  basis  of  Poc- 
tifflpy  and  PdrodEaiii)  at  least  thede  two  earths  form  the  es- 
sential ingredients,  th^  argil  oommunicating  to  the 
tore  that  plastic  quality^  in  ccmsequence  of  which,  the 
formed  with  water,  when  thcMroughfy  kneaded»  can  be 
foshioBed  and  turned  on  the  lath,  the  silex  preTentiii^ 
Ais  from  contracting  too  much  in  drying,  and  by  the  ao» 
ticm  exerted  between  it  and  the  argil,  rendermg  the  mixtnxv 
capable  of  that  qpedes  o[  vitrification  which  forms  Force* 
hin. 


^^^imXiS 
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This  earth  is  on6  very  extaisirely  diffiised ;  it  &rm# 
die  principal  constituent  part  of  a  number  of  conqpound 
fossils ;  and  those  in  which  it  predominates  haying  vtsaeSf 
a  considerable  hardness,  and  the  silex  itself  being  aitog^ 
ther  insoluble  in  water,  and  in  its  usual  state  of  aggrega* 
tion  not  easify  diflused,  it  remains  when  they  have  been 
disint^ated  or  decomposed  :  hence  the  sand  of  rivers 
and  of  the  sea-shore  is  principally  composed  of  it.  Rock 
crystisl,  quartz,  aiid  flint,  are  fossils  in  which  it  exjrts  al- 
most perfectly  pure,  though  in  these  its  state  of  aggr^ap* 


§ 

tioiii  modifiM-  Mi  chettiiical  proportieBi  ivldefc  af^  radier 
determined  therefiMre  fW>m  it  i&  tbe  stale  in  which  it  i»  ob- 
tained by  an  artiioial  jntaoessk 

The  deoonipoflition  of'  sitex  haa  been^  v^  iaipet^sctly 
nCtained.  It  is  scarcdybyittiieif  aiflfected  by  galvanic  ao 
tton,  and  wh^i-  submitted  to  it  in  fusion  with  potashy  tho 
metallic  matter  obtained  when  exposed  to  the  air;  or 
dropt  into  water»  gare  indications  of.  the  regeneration  of 
silex,  so  as  merely  to  wairant  the  conclusion  that  it  had 
been  decompo8^>  bat  withont  affording  more  than  im* 
perfect  results. 

'  The  proeese  by  whieh  Sikx  is  usiif^y  obtainedi  consists 
in  fusing  calcined  flint  with  three  or  four  times  its  weight 
of  sub-carbonate  of  potash<  The  mass^  when  cold,  is  dis- 
aolved  in  water,  end  diluted  sulphuric  acid  is  added  to  the 
clear  solution  as  long  a^any  precipitadon  ensues ;  the  pre-* 
dpitate  is  thoroughly  washed  with  water,  and  dried* 

Silex  thus- procured  is  in  the  fcnm  of  a  light  white  pow« 
der,  insipid,  and  gritty  to  the  toucli;  whai  mixed 'with 
Water,  it-  does  not  form  an  aiUiesive  paste.  It  is  extreme- 
]y  infusible,  not  mdting  in  the  intense  heat  excited  by 
exygen  gas  directed  on  burning  charcoal.  It  melts,  how« 
ever,  in  the  flame  of  hydrogen  and  oxygen  gases  mixed. 
'  It  is  not  dissolved  in  any  appreciable  quantity  by  water, 
yet  there  are  facts  which  prove  its  solubility  to  a  certain, 
extent  when  this  is  not  comiteracted  by  its  aggregation : 
if  the  solution  of  its  compound  with  potash  be  decomposed 
by  an  acid,  no  precipitate  appears,  if  the  solution  has  been 
previously  very  largely  diluted  with  water,  though  other- 
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wise  it  would  be  apparent;  and  it  Exists  in  solutioa  in 
some  mineral  springs,  in  which  no  substance  that  can 
contribute  to  its  solution  can  be  detected. ' 

This  earth  is  scarcely  soluble  in  the  acids,  nor  does  i^ 
form  with  any  of  them  neutral  compounds  analogous  to 
those  formed  by  the  otlier  earths  and  salifiable  bases,  a 
character  by  which  it  is  peculiarly  distinguidied.      ^ 
fusion  it  combines  with   boracic   and  phosphoric   acid, 
forming  a  species  of  glass ;  when  in  a  state  of  extreme  di- 
vision, muriatic  acid  appears  to  dissolve  a  small  quanti^. 
Fluoric  acid  is  its  proper  solvent,  dissolving  it  either  when 
the  acid  is  gaseous,  or  when  combined  with  water ;  though 
it  is  doubtful  if  the  combination  can  be  established  so  as 
to  neutralize  the  acid. 

This  earth  combines  with  the  fixed  alkalis.  Wheft 
boiled  on  it  with  water,  a  portion  is  dissolved,  and  by 
ccmtinuing  the  boiling,  a  gelatinous  solution  is  obtained. 
By  fusion,  the  combination  is  established  perhaps  more 
intimately,  and  the  properties  of  the  compound  diSier 
much  according  to  the  proportions. 

When  one  part  of  flint  or  quartz  is  fiiscd  with  three 
parts  of  sub-carbonate  of  potash,  the  carbonic  acid  is  ex- 
pelled, and  the  compound  of  silex  and  potash  is  partially 
soluble  in  water;  with  pure  potash  the  combination  is 
more  perfect,  and  the  compound  more  entirely  soluble. 
The  solution  of  silicated  potash,  or  soda,  becomes  gelati- 
nous when  concentrated  by  evaporation.  When  kept  for 
a  number  of  years,  crystals  have  been  observed  to  be  de- 
posited &*om  it,  transparent  and  hard.  It  is  decomposed 
b^  /iQ  the  acids,  the  siliceous  earth  being  precipitated. 
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With  a  smaller  proportion  of  alkali  the  compound  ia 
less  soluble,  and  a  stronger  heat  is  required  for  its  vitri- 
jficadon:  it  may  even  be  obtained  altogether  insoluble, 
transpar^t,  and  possessed  of  considerable  hardness.  Siich 
a  combination  constitutes  Glass,  the  essential  parts  of 
which  are  siliceous  earth,  and  potash  or  soda.  The  pro* 
portions  are  about  two  parts  of  the  former,  to  from  oaa 
to  one  and  a  half  of  the  sub-carbonate  of  potash  of  con^- 
merce :  they  are  intimately  mixed,  and  the  mixture  is  ex- 
posed to  a  heat  sufficiently  strong  to  expdi  the  water  and' 
^arb<Miic  acid,  and  efiect  an  imperfect  combination,  lliis 
Is  completed  by  afterwards  applying  a  stronger  heat,  so  as 
to  produce  perfect  fusion,  the  impurities  and  unvitrified 
jnatter  being  drawn  oiC  The  glass  thus  formed  is  more 
transparent  and  eoburless,  as  the  materials  have  been 
pure.  Oxide  of  lead  is  oft<^n  added  to  communicate 
greater  density  and  lustre ;  oxide  of  manganese  to  remove 
the  gteea^  colour  {produced  by  iron ;  and  by  the  addition  of 
other  metallic  oxides  in  larger  proportion.  Coloured  passes 
are  formed* 

Silex  exerts  affinities  to  the  other  earths,  and  4x>mbines 
with  the  greater  number  of  them  by  fiisita,  forming 
glasses  generally  more  or  less  opaque.  These  affinities  too 
are  frequently  exerted  in  the  humid  way.  Thus  silex  is 
precipitated  from  its  solution  in  potash,  by  the  attraction 
exerted  to  it  by  barytes,  strontites,  and  lime 

Vou  I.     •  A  a 
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CHAP  VII. 


Ot  ZIRCON. 


The  earth  to  which  this  name  has  been  pren,  wbs  dis' 
covered  by  Klaproth  in  a  fossil,  the  Zircon  or  Jargoa, 
brought  as  a  gem  frmn  C^lon,  and  it  has  since  been  dia- 
covered  in  the  hyacinth.     It  is  obtained  from  the  zircon 
by  fiising  it  after  repeated  calcinations  inth  potaahy  db- 
solving  in  water,  and  adding  to  the  solution  muriatic  acid, 
boiling  it  for  a  short  time  to  precipitate!  more  efiectuaflj 
the  silexy  with  which  the  other  earth  is  combined.     The 
filtered  liquor  is  decomposed  by  the  addition  of  carbonate 
of  soda;  and  the  carbonate  of  zircon  which  is  precipitated 
from  it  is  dried,  and  the  carbonic  acid  expelled  by  heat. 

This  earth,  submitted  to  the  action  of  galvaniion  in  con- 
tact  with  potassium,  affords  metallic  matter,  which,  men 
decomposed  by  water,  afforded  a  minute  portion  of  a 
powder,  having  all  the  characters  of  zircon. 

Zircon,  obtained  by  the  above  process,  is  a  white  pow- 
der, insipid,  and  rough.  When  exposed,  imbedded  in 
charcoal,  to  the  violent  heat  of  a  forge,  it  undergoes  a 
semi-vitrification;  becomes  so  hard  as  to  give  fire  with 
steel ;  has  a  briUiant  vitreous  fracture ;  and  is  of  a  grey 
colour.  Its  specific  gravity  is  4.3.  When  mixed  with 
water,  it  imbibes  it,  and  forms  a  semi-tran^arent  jeDy, 
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Stance  in  appearance  like  gum. 

It  combines  with  the  acids,  and  fonns  salts  in  general 
sparingly  soluble.  Those  which  are  sohiUe  have  a  sweet- 
ish astringent  taste.  Its  affinities  to  the  acids,  iqppear 
weak,  as  its  salts  are  in  general  decomposed  by  alow  heat, 
as  weQ  as  by  the  alkalis,  and  all  the  other  earths. 

2jircon  is  insoluble  in  the  liquid  alkalis,  biit  is  dissolved 

f  •  ' 

by  the  alkaline  caicbonates.    Its  rdations  to  the  earths  are 

scarcely  known.    It  may  b^  fiised  with  silex  and  with 

argil,  and  a  mixture  of  these  three  earths  is  more  fusible 

than  a  mixture  of  two.  of  them.     It  appears  to  combine 

too  by  fusion  with  some  of  the  metallic  oxides.    On  thi^ 

inflammables  it  exerts  no  action. 


CHAP.  VIIL 


OF  GLVCIKE. 


This  earth  was  discovered  by  VauqueUnj^^  forming  a 
(xmstituent  part  of  the  ^eryl  and  of  the  emerald.  Its  name 
of  Olucine  is  derived  from  the  property  it  has  of  forming 
salts  having  a  sweet  taste.  The  process  by  which  he  ob- 
tained it  from  the  beryl,  was  to  fuse  one  part  of  it  with 
three  parts  of  potash  $  the  mass,  after  cooling,  was  diffused 
in  water,  and  dissolved  in  muriatic  acid :  the  solution  ii 
jevaporated  to  dxyness^'  and,  on  again  dissolving  in  water^ 
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the  silex  present  jremdhs  midisdolved.  The  soiatioti  is 
decomposed  by  sub-carbonate  of  potash :  the  precipitttte  is 
digested  widi  a  sdntion  of  pure  potash ;  the  gretrter  part 
of  it,  consisting  of  argQ,  "wfth  a  portion  of  glncine^  is  dis- 
^ved ;  but  there  i'emains  a  portion  undissolved,  which  is 
the  ghidne,  ^omedmes  cdoared  by  oxide  of  iron. 

Mr  Davy,  in  attemptilig  the  decomposition  of  Ghcine, 
obtained  results  similar  to  those  from  zircon,  an  a3aia^;am 
being  formed,  wh^i  it  had  been  placed  in  the  galvanic 
circuit  wi£h  mercury  and  potasaum  whidi  detonposed 
vater,  and  whidi  reproduced  glucine,  when  the  alkali  in 
the  liquid  was  neutralized  by  an  acid. 

Glucine  obtained  pure  is  white,  soft  to  the  touch,  wai 
adheres  a  little  to  the  tongue :  it  is  insipid ;  is  infusihie; 
ihsoluUe  in  water,  but  forms  with  it  a  paste  which  is 
somewhat  ductile ;  this  paste  is  not  hardened  by  heat,  i»or 
does  it  contract*    Its  specific  gravity  is  2.96. 

Glucine  combines  readily  with  the  acids ;  its  salts  are 
generally  soluble,  and  have  a  sweet  taste. 

They  are  decomposed  by  the  alkalis :  the  earth  is  evqi 
completely  precipitated  by  ammonia,  which  disdnguisbes 
it  from  argiL  It  is  sohifale  in  the  fixed  alkalis,  but  not  in 
a&momii$  it  is  dissolved,  hoVever,  in  carbonate  of  ammo- 
nia, forming  a  triple  salt, — a  property  characterisdc  of  it, 
thcfof^  possessed  also  by  zircon.  It  decomposes  tiie  salt$ 
of  argiL  Its  relaticms  to  the  other  earths  are  not  known. 
WHk  borax  it  mdts  into  a  glass. 


: 
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or  ITTRIA. 

,This  earth  was  discovered  by  Oadofin,  a  Swedish  che- 
mist, in  a  fossil  found  at  Ytterby  in  Sweden,  since  named 
Gadolinite,  in  which  it  13  combined  with  silex  and  Erne. 
It  has  (ince  been  discovered  in  some  other  fossils.  In  se- 
veral of  its.  properties  it  resembles  glucine,  but  i^t  differs 
€ntire](y  in  others. 

The  process  followed  by  Vauquelin  to  obtain  the  earth 
finom  the  gadoUnite,  was  to  dissolve  it  with  the  assistance 
of  h&Jt  in  dihited  nitric  add,  pouring  off  the  solutioa 
from  the  undissolved  silex.  The  liquor  is  evi^rated  to 
dryness  ^  the  residuum  being  dissolved  in  water,  the  com- 
pound of  nitric  acid  and  ittria  is  obtained :  ammonia  ia 
oautiouafy  added  j  and  after  the  separationitf  any  oxide  of 
iron  in  yellow  flakes,  a  larger  quantity  is  added,  which  pr^ 
cipitates  the  earth. 

Ittria  is  thus  obtained  in  the  form  of  a  white  powder, 
insipid;  it  is  heavier  than  any  other  earth,  its  vpexi&c 
gravity  bdng  4.842.  It  is  not  fusible  alone,  but  with 
borax  it  forms  a  white  glass.  It  is  not  sdnble  in  water, 
but  it  retain^  that  fluid  with  considerable  force. 

Ittria  combines  with  the  acids ;  its  salts  have  gtoeralfy 
a  sweetish  taste.     Several  of  them  too  are  coloured] 
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property  in  which  it  differs  from  the  other  earths.  They 
are  decomposed  by  the  alkalis,  by  lime,  strontites^  and 
barytes. 

Ittria  is  not  dissolved  by  the  liquid  alkalis ;  nor  do  they 
redissolve  it  when  added  in  excess,  after  having  precipi- 
tated it  from  its  solutions,  which  distinguishes  it  bant 
glucine.  It  is  soluble  in  carbonate  of  ammonia,  but  it  re- 
quires a  quantity  five  or  six  times  greater  than  glucine 
does.  Prussiate  of  potash  throws  down  from  its  solutions 
a  granular  precipitate,  of  a  white  or  pearl-grey  colour.  It 
is  precipitated  in  grey  fiocculi  by  the  infusion  of  galls ;  but 
very  slightly  by  pure  gaOic  acid.  It  is  not  affected  by  sul- 
phuretted hydrogen,  or  hydro-sulphuret  of  ammonia. 

The  great  specific  gravity  of  this  earth,  its  forming 
coloured  salts,  and  being  precipitated  by  the  alkaline  pros- 
states  and  by  tannin  from  its  solutions,  in  some  measure 
connect  it  with  the  metals,  and  it  probably  otight  to  be 
regarded  as  a  metallic  oxide.  It  is  not  reduced,  however, 
to  the  metallic  state  by  heating  it  with  charcoal,  but  it 
runs  with  it  into  a  kind  of  semi-fluid  mass,  which  is 
heavier  than  the  earth  itself.  It  has  not  been  submitted 
t6  the  action  of  galvanism. 
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BOOK  V. 

OP  ACIDS  AND  THEJLR  BASES. 

Acids  form  an  order  of  chemical  agents,  distinguished  by 
very  appropriate  characters,  and  extremdiy  important  in 
their  chemical  relations,  partly  firom  the  numerous  and 
powerfid  affinities  th^  directly  exert,  and  partly  firom  the 
changes  they  produce  in  bodies  by  the  communication  of 
oxygen.  They  are  compounds  of  inflammable  bases  with 
oxygen ;  and  in  conformity  to  the  arrangement  I  have  a» 
dopted,  the  chemical  history  of  these  baae^  is  to  be  con* 
nected  with  the  history  of  die  individual  adds. 

The  following  are  the  properties  chisrcacteristic  of  the 
adds.  They  ate  all  sour  to  the  taste  ^  they  change  the 
blue,purple8ndredcoloursaf  v^etables  to  aredj  th^in 
getieral  have  a  consideralde  affinity  to  wati^,  and  .corn- 
bind  readAy  with  it }  they  dissolve  the  metals  i  and  they 
combine  witii  the  alkalis  and  earths,  forming  cosn|iiounds, 
in  which,  when  the  due  propoitioai  is  observed,  the  piso- 
perties  of  the  add  and  of  the  salifiidUe  base  with  wliikh  it 
unites  are  .mutoaHy  lost. 

'     The  last  prqpertyy  that  of  neutralizing  tiie  properties  of 
alkalis,  is  tfie  oliemoBt  eminendy  cba£ractc»stic  of  adds ; « 
and  these  tiro  i»derii  of  chemical  agents  may  be  consider* 
ed  as  in^thdr  chemiaal  relations  opposed  tp-  each  pther, 
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the  one  always  weakening  the  powers  of  the  other.      Ib 
combining^  the  acidity  is  diminished  in  pTxypcurtion  to  tJbe 
power  and  the  quantity  of  alkali  added:  the  prc^rQr  of  al- 
kalinity is  equally  weakened  in  proportion  to  the  qaantity 
and  power  of  the  acid  brought  into  combination;  and  in 
all  these  cases  there  is  a  certain  proportion  of  acid  and  of 
alkali,  in  which,  if  the  combination  is  established,  the  pro- 
perties of  neither  arc  apparent,  but  are  mutually  neutm^ 
Uzed.    The  compound  formed  at  dus  prepoitioiny  is  in 
chemical  language  named  a  Neutral  Salt*    It  oao  aiwaym 
be  obtained  in  a  solid  state^  and  generally  cryataliisei 

It  has  usually  been  supposed,  thdt  an  acid  and  aBcali 
hav«  a  tendency  to  combine  UMU'e  pecufiarly  in  this  pro* 
portion  in  which  mutual  neutralization  it  produced :  md 
when  compounds  are  obtained  insulated,  withaneieessac 
ther  dt  acid  or  of  alkali^  it  has  been  supfwaed  that  sudi 
compoundsdo  not  arise  fromthe:  immediate  oomiMnfltion 
of  the  add  and  dkali,  but  areformedfeom  an  affini^  ex- 
erted by  the  neutral  salt  to  an  exeess  of  either  of  itsingie- 
dients.  There  are  no  just  finindatiens,  howiercir,  for  soeb 
an  hypothesis*  The  theory  codaected  with  the  moat  just 
views  of  the  operation  ct  diemical  affinity,  and  most  di- 
rectfy  inferved  finom  the  phe]U»nau^  is  diatanaeid  aadan 
fllkdi  mce  disposed  to  ccoBdnie  in  every  prapartiaof  each 
weakening  the  properties,  of  die  other;  in  proportion  to  dw 
quantity  of  it  present  i  and  that-  the  scparatiim  of  the 
Gompdimd  takes  place  at  that  stage  <rf  the  combination 
whei«  the  foroe  gf  odMsioa  is  exerted  with  graatot 
strength:  dus  wiH  geneflifly  ooinckle  widi  the  pokit  of 
toetttraliaation^  because  thare  the  attractiTe  power  of  the 


AND  THBIR  BA8EQ.  3T7 

tapeoUve  elements  is  exerted  with  greatest  force^  and  tile 
cond^iflation  is  tiberefore  greatest ;  but  where  eirciimstaii* 
COS  oppose  tbis»  or  give  rise  to  a  gieater  tendency  to  cohe- 
sion at  another  stage  of  the  combination,  the  compound 
may  become  insulated  with  an  <^cess  of  either  of  its  in** 
gvedients.  The  csiuse  most  commonly  productive  of  this^ 
is  that  of  one  of  the  elements  having  a  greater  tendency  to 
pass  to  the  solid  form  than  the  other,  this  prevailing  so  &r 
as  firequeotly  to  produce  the  separation  of  the  compound 
with  an  excess  of  this  ingredient.  In  all  these  cases,  how** 
ever,  whether  the  compound  is  separated  in  the  neutral 
state  or  not,  the  sepan^tion  of  it  in  that  state,  and  of  course 
the  determiitetion  of  the  ccunbination  in  ihe  pcoportions  at 
whidi  this  happens,  is  the  result  of  the  operation  of  exter* 
pal  f<Hrees ;  jmd  the  immediate  eiku  of  the  miituaj  affint* 
ty  itself  is  to  unite  the  add  and  alkali  in  all  proportions. 
Tbi&  accordio^y  is  the  result,.  wha*ever  no  intetrAption  of 
the  progress  of  the  combination  tdkes  place,  from  the  ope-* 
raticm  of  these  fordgn  powars^ 

The  relatians  of  the  acids  to  the  earths  is  perfectly  simi« 
lar  i  they  produoe  by  their  ^combination  mutual  Qeutvali-* 
^aliim  of  properties,  and  form  compounds  analogous  to 
th^  alkaline  neutral  salts ;  while  the  combination  is  also 
not  limited  to  this,  butnuqr  be  estabKshed  so  as  to  form 
comiHiunds  with  an  esccess  either  of  acid  or  of  earth. 

The  dilhreiit  acids  differ  greatly  in  their  power  of  neu* 
trahsBing  the  alkalis  and  earths,  so  that  to  produce  the  state 
of  neutralization  vety  different  quantities  are  required  i 
and  convers^^  the  alkalis  and  earths  differ  as  much  fiom 
ea^  other  in  their  power  of  neutraliaing  the  adds.  ^Ac- 
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corcyng  to  the  view  delivered  by  BerthoQety  the  ^nergj^  dt 
the  respective  affinities  of  the  acids  to  the  alkalis  and  eartin 
is  indicated  by  their  relative  powors  of  producing  this  aeo- 
tralization,  the  different  substances  being  OHnparefd  in  die 
same  relative  weights ;  as  the  affinities  of  the  di&rent  al* 
kalis  and  earths  to  the  acids  may  also  be  judged  of  &om 
their  power  of  neutralizing  them,— 4he  less  of  any  of  these 
substances,  whether  add,  on  the  one  hand,  or  alkali  or 
earth  on  the  other,  wluch  is  requir^  to  neutralisBe  a^wesk 
quantity  of  another  of  the  opposite  order,  the  stronger 
being  its  attraction  towards  it.     I  have,  at  the  end  of  the 
chapter  on  Chemical  Attraction,  given  the  tables  of  Kir- 
wan  and  Richter,  which  present  the  results  of  the  expeii- 
ments  that  have  been  made  on  the  relative  quantities  of 
the  difierent  acids,  and  the  salifiable  bases  diat  are  requi- 
site to  produce  reciprocal  neutralisation. 

The  action  of  the  acids  on  the  metals  is  more  complica- 
ted. An  acid  does  not  direcdy  combine  with  a  metal) 
the  metal  must  always  be  oxklated.  Hence,  if  it  is  not 
previously  oxidated,  the  first  action  of  the  add  is  to  com- 
municate oxygen,  eithar  a  portion  of  the  oi^^en  whach  it 
contains,  or  a  portion  of  the  <XKygen  of  the  water  poresent, 
or  sometimes  of  the  atmospheric  air$  and  with  the  cxjde 
thus  formed  the  add  combmes.  The  relatimi  of  theonds 
is  then  precisely  the  same  as  that  of  an  alkali  or  earth  'to  ' 
an  acid ;  tiiey  produce  mutual  neutralization  of  properties 
in  the  necessary  propoitions,  and  tiie  ccmq>ounda  fanned 
are  per£ecUy  analogous  to  neutral  salts.  Thqf  are  aaikel. 
Metallic  Salts. 

Hie  Neutral  Salts,  whether  aflcaline,  earthy,  or  me- 
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tallic>  hare  certain  properties  as  an  order  by  which  they 
are  characterized,  and  a  common  nomenclature  is  applied 
to  them,  which  it  is  necessary  to  explain,  as  the  history  of 
these  compounds,  at  least  those  of  them  formed  from  the 
alkalis  and  earths,  is  c6nnected  with  that  of  the  respective 
adds. 

In  ^neral  they  are  soluble  in  water,  though  they  difler 
much  in  the  degree  of  sdlubility :  where  more  than  1000 
parts  of  water  are  required  for  the  solution  of  a  salt,  as  the ' 
quantity  dissolved  is  not  appreciable,  unless  by  a  very  ac*' 
curate  experiment,  such  salts  are  regarded  as  insoluble. 
The  solution  of  salts  in  water  is  augmented  by  increase  of 
temperature^  this  weakening  the  force  of  cohesion,  which 
counteracts  the  power  of  attraction  exerted  by  the  water 
to  the  salt,  as  has  been  already  explained.     And  from  the 
various  forces  of  cohesion  in  different  salts,  the  solvent 
power  is  very  unequally  increased  by  the  same  augmenta- 
tion of  temperature. 

.  A  salt  may  be  recovered  from  its  solution  by  evapora* 
tion  of  the  whole,  or  even  of  part  of  the  solvent.  If  the 
evaporation  has  not  been  carried  too  far,  so  that  cohesion 
is  forcibly  and  irregularly  exerted,  producing  merely  ag* 
gi*egation  of  the  particles,  the  salt  is  procured  in  a  crystal* 
Vzed  fiMrm,  that  is,  in  small  masses,  transparent,  and  of 
regular  geometric  figures,  denominated  Ciystals.  Each 
«alt  takes  on  a  figure  peculiar  to  it,  and  hence  the  figures 
of  the  crystals  serve  to  distinguish  them,  though  these 
are  also  liaUe  to  be  somewhat  varied  by  ciraimstan- 
0^.  Some  salts  are  crystaQized  with  difficulty ;-  while,  with 
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regead  to  othu^y  the  ciystaOization  is  e&siljr  effected^  and 
the  figures  are  f^ttlar.  By  slow  orqKxnfaneou&evxipoia- 
tion,  more  regular  and  larger  .aystah  are  formed^  tlm 
when  it  lias  been  hasty.  The  sdntion  which  remains  af> 
ter  a  salt  has  crystalMzedi  contains^  of  course,  a  portion  of 
the  same  salt,  which  by  a  second  eyaporation  may  be  ob- 
tained in  a  crystalUzed  form. 

Oy^tallized  salts  always  retain  a  portion  of  water^  "which 
is  essential  to  the  crystal,  tbe  transparency  and  cohesion 
being  lost  when  it  is  abstracted.    The  quantity  is  very  va- 
rious, and  is  in  soQie  cases  large,  amounting  to  more  than 
the  weight  of  the  real  salt. 

From  their  relattions  to  water>  neutral  salts  derive  some 
of  their  distinctive  properties.     Some  of  them  Iigiiefy» 
from  the  a{^Hcation  of  a  moderate  heat,  owing  to  the  sol- 
vent power  of  their  water  of  crystallization  being  angment-> 
ed  I  and  accordingly,  when  this  is  dissipated  by  a  con- 
tinuance of  the  heat,  a  dry  mass  remains.    This  is  named 
the  Watery  Fusi<m  of  Saks,  and  takes  place  prindpalty 
in  those  which  contun  a  large  quantity  of  water.    Somci^ 
when  heated  quickly,  decrepitate  fron>  th^  sudden  conver- 
sion into  vapour  of  the  small  quantity  of  water  of  crystal- 
lization they  contain*    The  crystak  of  many  salts  kiss 
thpir  tran^Mureiicy  from  exposure  to  ^e  air,  are  covered 
with  a  crust,  and  at  length  faH  into  powder.    This,  whidi    • 
is  named  Efflorescence,  arises  from  the  abstraction  of  dicir 
water  of  crystallization  by  the  air.    pt)|er  salts  attriict  ir^ 
ter  from  the  air,  so  as  to  become  humid,  and  at  leogdi 
Kquid.    This  property,  named  Deliquescence,  arises  horn^ 
the  strong  attraction  of  these  salts  to  water.  * 
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It  ranaos  to  explaiii  the  nomenclatm^  of  the  acids  aad 
of  the  compoiiiid^Hilts  which  they  form. 

Acids  being  reganied  as  oompouiids  of  oxygen  Vfkk 
t)ertaiii  bases,  the  name  of  ea<^  is  denFedfrom  the  base 
4»f  which  it  is  finrmed.     But  as  this  base  is  often  capable 
4>f  combining  with  two  proportions  of  oxygen,  and  df 
ftinning  two  acids  different  fitmi  each  other,  these  must 
be  distinguished,  and  this  is  done  by  a  variation  in  the 
termination  of  the  name,  the  syllable  ic  bdng  the  final 
one,  when  the  acid  is  the  one  which  containfs  the  larger 
proportion  of  oxygen,  and  ous  where  it  contains  the  small- 
er prbporti(Mi«     Thnft  sulphnr,  by  combination  wiA  oxy- 
gen  in  two  proportions,  forms  two  acids ;  jthe  term  Sul- 
phnr is  the. radical  whence  their  names  are  derived ;  the 
<me,  diat  with  the  less  dose  of  oitygen,  is  the  Sulphurous 
Acid  i  the  other,  the  Sulphuric     We  have  thus  also  the 
I^osphorous  and  the  Phosphoric,  Nitrous  and  Nitric,  &c^ 
Where  the  base  gives  rise  to  <mly  one  acid,'  the  name 
terminates  in  tc,  as  in  the  example  Carbonic  Acid.     The 
adds  belonging  to  the  vegetable  and  animal  kingdoms 
have  a  compound  base,  from  which  the  name  cannot  be 
'derived;  it  is  taken,  therefore,  from  the  substance  from 
which  they  are  formed  or  prepared,  as  the  Citric,  Malic, 
Prussic,  &c. 

The  nomenclature  of  the  salts,  formed  bgr  the  union  of 
the  adds  with  the  alkalis,  earths,  and  metallic  oxides,  is 
equally  systematic  All  the  salts  formed  from  one  add 
are  considered  as  a  genus,  under  which  are  placed  as 
^edes  the  individual  salts,  formed  by  the  union  of  that 
acid  with  these  different  bases.     The  generic  name  is  de« 
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rived,  tharefinre,  from  the  name  of  the  fudd;  the  qpeeific 
name  from  that  of  the  base.     When  the  name  of  the  add 
of  which  the  salt  is  composed  Is  that  which  terminates  in 
tCf  the  final  syUable  of  the  name  of  the  salt  is  a/,  or  ra- 
ther, as  Mr  Cheneyix  has  remarkedi  ate^  when,  again, 
the  name  of  the  acid  terminates  in  ocis,  that  of  the  smk 
formed  from  it  has  the  last  syllable  iU.    Thus,  all  the 
salts  formed  from  sulphuric  add,  constitute  a  genus  to 
which  the  name  Sulphate  is  applied,  and  the  species  are 
designated  by  the  addition  of  the  name  of  the  iiasev  as  tbe 
Sulphate  of  Soda,  Sulphate  of  Potash,  Sulphate  of  Lime^ 
Sulphate  of  Iron*     Those,  again,  formed  by  the  svlphiii- 
rous  add,  are  named  Sulphites,  as  the  Sulphite  of  Ammo- 
nia, &c     On  the  same  principle,  we  have  Nitrates  and 
Nitrites,  Phosphates  and  Phosphites,  Muriates,  Cubo- 
nates,  &c« 

Salts  are  sometimes  formed  with  an  excess  of  add 
or  of  base;  and  to  denote  these  a  method  was  pro- 
posed by  Dr  Pearson,  which  has  been  adopted.  The 
genus  being  formed  from  the  add,  when  there  is  an  ex- 
cess of  add  in  a  salt,  tlie  epithet  sig>er  is  prefixed  to  the 
name,  when  a  defidency  of  add«  the  epithet  sub.  We 
thus  speak  of  the  Super-sulphate  of  Potash,  the  Suhcav* 
bonate  of  Soda,  Sec. 

Where  an  acid  is. united  with  two  bases,  as  is  soqae- 
times  the  case,  the  names  of  both  bases  enter  ipto  ite 
name,: — ^as  the  Sulphate  of  Argil  and  Potash,  or  the  Tsi^ 
ti-ate  of  Potash  and  Soda. 
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AciMf  as  has-been  already  stated,  have  in  thie  modem 
sgrstem  of  ch^nistiy  been  regarded  as  compounds  of  oxy- 
gen with  certain  bases,  and  this  .ajqieared  to  be  establish- 
ed by  a'  very  ample  induction,  resting  both  on  analytic 
and  syndietic  chemical  investigations.  Without  invalidat- 
iBg  it  to  a  certain  ^ctent,  its  universality  has  lately  been 

'  rendered  doubtful,  and  the  singular  pnq>osition  i^pears  to 
be  supported  by  Mr  Davy's  researches,  that'  there  eadsts 
an  acidifying  principle  different  from  oxygen,  and  even 
superior  to  it  in  energy  of  action.  Oxy-muriatic  acid,  as 
it  has  been  named,  a  substance  hitherto  regarded  as  a 
compound  of  oxygen  and  muriatic  add,  Mr  Davy  has 
found  reason  to  conclude,  contains  no  oxygen,  but  is 
a  simple  substance.  It  belongs  to  the  same  class  witli 
oxygen,  in  a  chemical  arrangement;  it  displays  the  same 
relation  to  galvanic  electricity,  being  attracted  to  the  posi- 
tive side  of  a  galvanic  arrangement,  and  being  therefore 
itself  negative }  and  on  the  hypothesis,  adds  Mr  Davy,  of 
the  .connection  of  chemical  attraction  with  electrical 
powers,  all  its  energies  of  combination  correspond  with 
those  of  a  body  supposed  to  be  negative  in  a  high 'degree. 
In  combining  with  inflammable  substances,  it  forms  acid 
compounds  :  muriatic  acid,  for  example,  is  a  compound  of 

,  it  with  hydrogen,  and  other  acid  products  are  foi^ned  by 
other  combinations.  The  statement  of  the  evidence  on 
which  these  conclusions  jrest,  belongs  to  the  history  of  this 
substance,  and  of  muriatic  acid.  It  is  sufficient  to  have 
given  this  brief  view,  as  connected  with  the  theory  of  aci- 
dity, and  in  considering  the  revolutions  wliich  chemical 
science  at  present  undergoes^  we  can  scarcely  suppose  that 
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this  is  the  ifltimate  stage  of  the  investigation.     Thef%  is 
some  improbaUMtjr  in  the  suf^position  of  the  eidstencse  of 
two  acidifying  principles,  and  discovery  may  in  no  long 
lime  unfold  new  relations  amid  these  singular  facts^  and 
kad  perhaps  to  a  more  simple  theory* 

If  these  conclusions,  however,  were  established,  they 
would  lead  perhaps  to  a  different  view  of  the  theory  of 
acidity.     This  in  the  present  chemical  system  is  suppos- 
ed to  be  a  property  more  peculiarly  derived  from  oxygen. 
But  it  is  possible  that  it  may  be  a  property  derived  rather 
from  the  bases  which  form  acids,  developed  only  by  the 
combination  of  these  bases  with  principles  which  commu- 
nicate to  them  solubility  and  greater  energy  of  chemical 
action,  and  appearing  wherever  the  substances  prodndng 
this  effect  are  not  such  as  neutralize  acidity  itself     Q317- 
gen  is  the  element  that  usually  gives  rise  to  this  result;  but^ 
according  to  this  view,  it  may  arise 'fix)m  the  action  of 
others,  from  hydrogen  for  example ;  and  the  production 
of  acidity  in  sulphuretted  hydrogen,  which  has  ahrays 
been  regarded  as  anomalous,  may  thus  be  accounted  for. 
The  acidifying  operation  of  oxy-muriatic  acid,  if  it  is  a 
simple  substance,  and  exert  such  an  operation,  will  M  to 
be  explained  from  the  same  principle.     And  the  singular 
&ct,  that  the  acid  powers  of  oxjinuriatic  acid  (supposii^ 
it  to  be  a  compound  of  muriatic  acid  and  "oxygen)  are  in- ' 
ferior  to  those  of  muriatic  acid,  is  equally  in  conformity  to 
this  theory,  while  it  is  undoubtedly  adverse  to  the  hTpo- 
tbesisj  that  acidity  is  derived  from  oxj'gcn. 
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OF  NITBIC  ACID>  AND  THE  OTBUBB  COBCBINATI0N8  OF 
KITROGlEN  WITH  OXYGEK.  . 

NiTEic  Acid,  long  known  to  chemists  in  a  state  of 
greater  or  less  purity,  is  a  compound  of  oxygen  and  nitro- 
gen $  and  the  properties  of  nitrogen  having  been  already 
considered,  the  history  of  the  acid  itself,  and  of  the  other 
compounds  which  nitrogen  forms  with  oxygen,  remains  to 
be  delivered  under  this.chi^ter.  With  a  smaller  propor« 
tion  of  oxygen  than  what  enters  into  the  composition  of 
nitric  acid,  a  compound  is  formed,  having  no  acid  pro- 
perties, denominated  therefore  Nitric  Oxide.  With  a 
still  smaller  proportion,  another  compound  of  uniform 
composition  is  produced,  named  Nitrous  Oxide.  And 
when  nitric  acid  has.  imbibed  a  portion  of  nitric  oxide,  it 
acquires  some  peculiar  properties,  and  in  this  ^tate  ha^  re* 
ceived  t;he  distinctive  appellation  of  Nitrous  Acid. 
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Sect.  h^OfNUric  Acid. 

This  acid  being  capable  of  being  extracted  without 
much  diffidiilty  from  a  salt  in  which  it  eidsts,  conuDon 
nitre)  had  beNsn  long  known  to  the  chemists,  and  in  a  di- 
luted state  had  been  used  in  the  chemical  arts,  under  the 
name  of  Aquafortis.  •    Priestley  observed  its  partial  de- 
composition, and  its  reproduction  from  the  union  of  mtric 
oxide  the  product  of  that  decomposition,  with  oxygen. 
Cavoidish  discovered  its  ultimate  composition,  and  proved 
that  nitrogai  is  its  base. 

This  was  done  by  a  very  simple  eiqaerimentr-^^Juzi^ 
the  electric  spark  for  a  considerable  time  in  atmos[dieric 
air,  confined  in  a  tube.  The  air  suffered  diminution  of 
volume,  an  acid  was  produced,  and  this  add  was  found  to 
be  the  nitric  If  a  portion  of  oxygen  gas  were  added  to 
the  atmospheric  air,  and  the  electric  spark  continued  suf- 
ficiently long,  the  disappearance  of  the  whole  was  nearly 
complete,  and  a  similar  result  was  obtained,  from  submit- 
ting to  experiment  a  mixture  of  oxygen  and  nitrogen 
gases.  In  all  these  cases,  the  electric  spark  establishes 
the  combination  of  the  gravitating  matter  'of  the  two 
gases,  and  the  principal  peculiarity  which  attends  this  is 
the  slowness  with  which  it  takes  place,  and  its  nc^  bdng 
accompanied  with  any  sensible  extrication  (^heat  or  light. 

The  combination  is  effected  in  other  modes,  in  which 
the  gases  are  presented  in  their  nascent  state,  as  in  pass- 
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ing  the  vftpour  of  ammonia  over  black  oxide  of  manga- 
nese raised  to  a  red  heat 

Analysis  likewise  establishes  the  composition  of  nitric- 
acid.  If  it  be  passed  through  an  ignited  glass  or  earthen 
tube,  it  is  resolred  into  oxygen  and  nitrogen  gases  ^  its 
saline  contipounds  exposed  to  a  red  heat  afibrd  the  same 
elements  $  and  its  oxygen  can  be  abstracted  by  inflamma- 
ble substances,  its  nitrogen  being  erohred  either  pure,  or 
retahiing  a  portion  of  oxygen  combined  with  it,  which  by 
farther  operations  may  be  abstracted. 

The  proportions  pf  its  principles  have  been  variously 
stated.  Those  assigned  by  Cavendish  were  72.2  of  oxy- 
gen, with  27.8  of  nitrogen ;  ^aiid  Mr  Davy  has  stated 
them  not  far  di£Perent  from  these,  at  70.5  oxygen,  and 
29.5  of  nitrogen. 

This  acid  is  always  obtained  from  the  decomposition  of 
nitre,  a  salt  in  which  it  exists  combined  with  potash,  and 
die  process  usually  followed  is  that  by  the  medium  of  sul-- 
phuric  acid.  Two  parts  of  nitre  in  coarse  powder  are 
put  into  a  retort,  and  rather  more  than  one  part  of  sul- 
phuric acid  is  poured  upon  it,  the  retort  bang  placed  in  a 
sand  bath,  and  connected  with  a  large  receiver.  A  mo- 
derate heat  is  applied  to  produce  distillation,  and  towards 
the  end  is  gradually  raised.  The  sulphuric  acid  combines 
with  the  potash  of  the  nitre,  and  disengages  the  nitric 
acid,  this  decomposition  being  effected  partly  from  the 
greater  volatility  of  the  Jiitric  than  of  the  sulphuric  acid, 
and  partly  from  the  affinity  of  the  sulphuric  acid,  aided  by 
the  quantity  in  ni^ch  it  is  employed,  this  quantity  being 
greater  than  that  required  to  saturate  the  potash  of  the 
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mire,  and  the  residual  mass  containing  therefore  n  oo 
siderable  excess  of  acid.  The  nit^c  add,  however, 
disengaged,  is  also  partially  decomposed  i  losing  a  little  <^ 
its  oxygen,  a  portion  of  it  passes  to  the  state  o(  nitric  ok- 
ide,  and  this  bemg  absorbed  by  the  add  which  disfilb 
over,  gives  it  a  yeUbw  colour  more  or  less  deep,  or  oao- 
verts  it  into  nitrous  add*  This  decompositimi  c^ipears  ta 
arise  in  a  great  measure  from  the  action  of  the  iuf^  tan- 
perature,  and  hence  it  takes  place  principally  towards  the 
end  of  the  distillation. 

In  consequence  of  it,  an  additicmal  process  is  requisite  to 
obtain  nitric  acid.  The  coloured  acid  is  expensed  to  a 
gentle  heat,  applied  by  a  water  bath  ;  the  nitric  oxide 
holding  a  portion  of  nitric  acid  combined  with  it  isv  ex- 
pelled, and  it  becomes  at  length  nearly  colourless ;  or, 
what  succeeds  more  completefy-,  the  nitrous  add  is  ditfill- 
ed  from  a  little  black  oxide  of  manganese,  whkh  import- 
ing to  it  oaygen,  converts  it  into  nitric^ 

Nitric  acid  is  colourless  and  transparent :  it  emits  whke 
vi^urs,  having  a  peculiar  odour.  Its  specific  gravity  is 
from  155  to  158.  It  has  all  the  acid  properties,  tastes 
sour  even  when  much  diluted,  reddens  the  v^^^aUe  co- 
lours, and  neutralizes  the  properties  of  the  alkalis  and 
others.  It  contains  in  the  .strongest  state  in  which  it  has 
been  obtained  a  quantity  of  water ;  the  precise  proporticm 
is  not  very  easily  estimated,  but  Kirwan  has  inferred  tbax 
in  the  strongest  acid  that  can  be  procured,  that  of  the 
specific  gravity  of  1.5543,  at  60%  the  water  is  equal  to  26, 
in  100  parts. 
This  acid  freezes  by  cold,  the  facility  <^  congdation  va- 
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vying  considerftbly,  accordiiig  to  its  state  of  concentration : 
if  it  is  higfaty  concentrated,  or  if,  on  the  other  hand,  it  h 
mndk  dilated,  it  freezes  with  more  difBculty  than  when  of 
intermediate  strength.  It  is  volatilized  by  heat,  and  par* 
tiaHy  decomposed,  and  at  the  temperature  of  ignition,  the 
decomposition  is  complete,  and  it  is  resolved  into  oxygen 
and  nitrogen  gases.  A  partial  decomposition  of  it  is  also 
effected  by  Ijght  $  oxygen  is  expeDed,  and  it  passes  to  tiie 
state  of  nitrous  acid. 

Nitric  acid  has  a  considerable  affinity  to  water:  it  at- 
tracts it  firom  the  atmosphere,  and  it  combines  with  it  in 
eveiy  pi?oportion.  In  consequence  of  this  affinity,  too,  it 
acts  with  ^ergy  on  ioe  and  snow,  liquefying  them  rapid* 
ly,  and  thi:^  producing  intense  cold. 

The  affinity  between  the  elements  of  this  add  not  being 
powerful,  it  is  decomposed  by  a  number  of  metallic  and 
inflammable  substances  which  attract  its  oxygen  partially 
or  .comjdetefy  j  and  in  consequence  of  this  faajity  with 
which  it  yields  oxygen,  it  acts  w^  much  energy  on  these 
substances. 

It  €Oiiri>ines  with  the  alkalis,  earths  and  metallic  oxides, 
foiming  salts,  denominated  Nitrates.  These  are  imiform* 
fy  soluble  in  water  and  crystallizable ;  they  have  a  cool  pe- 
netrating taste;  are* decomposed  at  a  hi^  temperature^ 
affi>rding  oxygen,  and  in  consequence  of  this  deflagrate, 
when  heated  with  combustible  bodies. 

NiTBATE  OF  Potash  is  the  salt  well  know^  by  the 
name  ofNltre,  or  Saltpetre.  In  warm  climates  it  is,  un^ 
der  certain  circumstimces,  formed  spontaneously  at  the 
surfiuse  of  the  soil ;  it  is  thus  procured  in  India,  whence 
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the  nitre  we  use  is  imported.      In  some  coontrie*   oT 
Europe^  the  production  of  it  is  fiivoored  by  artificial  ar- 
rangements.   V^etable  and  animal  sabstances)  with  an 
intermixture  of  old  plaster,  mortar,  or  other  ferms  of  car- 
bonate  of  lime,  are  put  into  ditches  ifaied  wkk  day,  wbA 
covered  with  sheds  to  protect  them  from  the  rain,  while 
the  air  is  admitted.     They  are  turned  up  ocGaaiona%« 
and  at  the  end  of  a  few  months,  when  washed  with  water, 
afibrd  nitrates  of  potash  and  lime.     A  quantity  of  wood 
ashes  is  added  to  the  solution,  the  potash  of  which  decom- 
poses the  nitrate  of  lime,  and  increases  the  product  of  ni- 
trate of  potash  \  this  salt  is  obtained  in  crystak  by  ev^>o- 
ration,  and  is  purified  from  a  portion  of  muriate,  of  soda 
and  other  saline  matter  which  adheres  to  it,  by  repeated 
«>l«tion»  and  a7st.Iliz.tkms. 

As  the  nitre  does  not  pre-exist  in  these  materiab,  and 
as  indeed  a  fresh  quantity  may  be  obtained  by  ^cposiiig 
them  again  under  the  same  circumstances  to  the  air,  it  is 
obvious  that  it  is  formed  in  the  process.  It  has  been  as- 
certained, that  to  the  mixture  of  animal  and  Tcgctalde 
matter,  the  addition  of  cai*bonate  of  Ume  is  necessary,  and 
the  admission  of  the  atmospheric  air  is  indispensidile. 
The  theory  of  the  process  probably  is,  that  the  nitrogen 
of  the  animal  matter  combines  with  the  oxygen  of  the  air, 
and  perhaps  with  a  portion  of  tlie  oxygen  of  the  vegetable 
matter,  and,  forms  the  acid  :  the  carbonate  of  lime  nny 
favour  this  combination  by  the  resulting  afl^ity  exerted 
by  the  lime,  and  it  will  attract  the  acid  as  it  is  formed :  the 
vegetable  matter  moderates  the  decomposition  of  the  ani- 
mal substances,  and  prevents  their  nmning  into  that  pu- 
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trefiietion  I9  which  the  nitrogen  is  spent  in  the  fimnation 
of -aimniDnia;  it  may  &rther  affi>rd  the  potash,  which  is 
the  base  of  the  nitre, .  though  it  has  also  been  supposed 
that  a  part  of  tihds  is  fonnedin  the  process,  A  certain  de- 
gree of  humidity  &iK>urs  the  mutual  actions  whence  these 
Gombin^ons  arise,  and  diffuses  more  equally  through  the 
materials  the  nitrous  salts. 

Nitre  crystallizes  in  six-sided  prisms  acuminated  by 
six  planes ;  its  taste  is  co<d ;  it  is  soluble  in  seven  parts  of 
water  at  60%  a  production  of  cold  attending  its  solution, 
and  in  an  equal  weight  of  boUing  water.  It  melts  easily : 
if  die  heat  be  raised,  a  partial  deconq)Osition  of  the  add 
takes  place,  and  oxygen  gas  is  expelled  1  and  at  the  tem<- 
peratufie  of  fuU  ignition,  the  decomposition  is  more  com- 
plete, and  oxygen  and  nitrogen  gases  are  disengaged. 

It  is  from  this  fiicility  of  decomposition  by  heat  that 
nitre  produces  deflagration,  as  has  been  already  explain- 
ed, its  oxygen  being  communicated  to  any  inflammable 
body  widi  which  it  is  exposed  even  to  a  moderate  heat, 
with  such  rapidity  tiiat  the  phenomena  of  combustion  are 
produced.  It  is  from  this  that  it  is  the  principal  ingre- 
dient in  the  composition  of  gun-powder,  which  consists  of 
75partsof  it  by  weight  with  16  of  charcoal,  and  9  of  sulphur. 
These  inirredients  arc  reduced  to  a  state  of  p^ect  inter- 
.^^^^,.„^.,^  ^U  of  ^ 
ter  being  added  to  fbvour  this ;  the  paste  into  which  die 
composition  is  at  laigtii  brought,  is  granulated  by  press- 
ing it  through  a  i^eve,  and  the  grain%  after  they  are  dry, 
ore  rounded  and  glazed  by  friction  from  agitation.  The 
deflagration  of  the  gun-powder,  wh^n  an  ignited  spark 
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falls  on  it,   i»  of  course , owing  to  the  rapid   eommii* 
nicBtk>n  of  the  oxygen  to  the  sulphur  and  the 
coal,  the  sulphur  in  particular  beii^  eaaSiy 
and  its  great  eiqptasive  foix»  dq>ends  <»i  the  aoddes 
trication  of  the  amal  products, — su^hureous  add 
carbonic  aibid  formed  by  the  oxyg^iaticm  of  the  sol^pliiir 
and  charcoal,  and  nitrogen  from  the  deoon^MNOtioii  of  the 
acid,  probably  with  watery  vapour,  the  elastidty  of  these 
being  increased  by  the  caloric  rendered  sensible.  Another 
detonating  composition  still  more  powerful  than  gun-ponr- 
der,  of  which  nitire  is  the  princ^  ingredientf  ia  tibat 
named  Pulvis  Fulminans.    It  consists  of  tluree  parts  of 
^tre,  two  of  sub-carbonate  of  potash,  and  one  oianlphur 
triturated  together :  when  iieated,  it  eiqilodes  with  a  Fery 
loud  report.     Its  detonation  appears  to  be  owing  to  the 
formation  of  sulphuret  of  potash,  which,  re-act^  on  the 
water  c<mtained  in  the  saltSf  disengages  su^>hiirc<ted  hy^ 
drogen,  and  this  presented  in  its  nasc^t  state  to  the  oxy- 
'gen  of  the  nitre,  forms  sulphurous  acid  and  wateiy  Tapour 
in  a  state  of  high  elasticity  from  the  caloric  dw&offfdL 

Nftrate  of  Soda  ciystallizes  in  rhomboidal  prisias. 
Its  taste  is  cool  and  poietrating ;  it  di^tty  attracts  mds- 
l9irefrom  the  air*,  it  4s  soluble  in  three  parts  of  water  at  tbc 
temperature  of  60,  and  in  an  equal  weight  of  boifiog  wa- 
ter ;  it  is  scarcely  so  fusible  as  the  nitrate  of  potash,  but  is 
decomposed  by  heat  in  die  same  maifner,  and,  like  it,  ex- 
cites deflagration  when  heated  widi  inflammable  sd>- 
stances. 

NnnAic  OF  Ammonia  crystallizes  in  slender  {nriams  of 
four  sides  acuminated  by  four  planes ;  or,  if  the  sdntioii 
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lias  been  ftrther  e?rapiirated  in  indktiiict  eryitafa,  wkidt, 
ivliea  aggregated^  form  a  compact  mass,  retaining  has 
water  <^  arystaDization  than  the  more  regular  crystals* 
J[t8  taate  is  coed  and  hitter ;  it  is  deliquescent,  and  sofaible 
m  two  parts  of  cold  water^  and  half  its  weight  of  boiling 
watser.    \E«xpb8ed  to  a  moderate  heat,,  it  undergoes  the 
watesry  fiisioni  'and  the  water  of  crystaUisation  is  expelled ; 
if  the4ieat  is  increased,  it  is  decomposed,  and  if  raised  to 
ignitioQi  with  a  sudden  detonation  from  the  combination 
c£  the  oxygen  of  the  add  with  the  hydrogen  of  the  ara- 
nioiBa.      This  happens  at  temperatures  abote  600 :    at 
teknperatures  bebw  this,  between  SOO  and  500,  the  de». 
oomposition  proceeds  m<»e  sbwly ;  the  products  are  ni- 
.trous  oxide  and  watery  vapour,  and  it  is  from  this  decom- 
position that  nitrous  oxide  i»  obtained  in  its  purest  form. 

NiTtutix  OF  Barttes  is  obtained  by  disscJying  the  native 
carbonale  in  tcKluted  ratric  add :  the  solution,  by  evi^ra- 
-tion,  crystallizes  in  octaedions,  or  in  small  briBiant  plates^: 
its  taste  is  sQrptic  and  pungent:  it  is  not  mudi  altered  by 
exposure  to  lite  air :  when  crystallised,  it  is  soluble  in  10 
or  12  parts  of  water  at  60%  and  in  3  cht  4*  parts  of  laoiling 
water.  It  is  decomposed  by  heat,  its  acid  being  convert- 
ed into  ozyg^i  and  mtrc^en  gases.  It  detonates,  but 
fedbly,  with  inflammable  bodies. 

NiTBATE  OF  SraoNTiTEa  is  formed  by  pouring  diluted 
nitiic  add  on  the  native  carbonate.  The  solution,  by 
evaporalicm,  ^affiMrds  cr3rBtais,  either  hotaedral  pyramids, 
or  octaedr<m8«  This  salt  is  soluble  in  its  own  weight  of 
water  at  60^ ;  and  at  212^  it  dissolves  in  little  more  than 
half  its  wdght.     It  is  deliquescent  iit  a  humid  atmos* 
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fbere ;  in  a  dry  atnwwpbffre  it  eflbraces*  It  is  deoom* 
posed  by  heat,  mid  it  dcflagntoi  &ehfy»  wkm.  laid  oft 
buniingfueL 

Nitrate  of  L^me  is  geaeraUy  fbimd  in  fhom  mtauiAmm 
in  which  nitrate  of  potash  is  formed:  It  is  ohttinad  pure 
by  the  diract  combination  of  its  prinoipleB.  When  the  «»> 
lution  is  evaporated  to  the  ooQaistenoe  of  a  syxop^'  it 
affords  slender  prismatic  ciystalsi  ddi^iescent,  and  sohibk 
in  less  than  an  equel  weight  of  water  at  the  tempemtiure 
of  60,  and  in  stiQ  leas  boiling  vater.  They  are  also  sohir 
ble  in  alkohoL  Exposed  to  heat»  they  undergo  the  watery 
fusion,  and  pine  deoomposed,  the  add  being  eacpdled#  By 
having  been  heated  it  becomes  jdiosphoresccnt,  and  re- 
tains this  property  when  cold*  When  thrown  on  hiiming 
fuel,  it  melts,  and  detonates  slightly. 

Nitrate  of  Magnbsia  has  a  taste  Utter  ukd  acrid. 
Its  crystallization  exhibits  a  mass  of  smaB  needMtke 
crystals :  by  spontaneoos  epn^oratkui)  it  concBCtes  in  qaaA- 
rangular  prisms :  it'is  deUqo^scent ;  is  solnUe  in  its  own 
wei^t  of  water  at  60^,  and  in  half  its  we^t  of  boiling 
water :  it  is  also  stduUe  in  alkohol.  By  exposure  to  heat» 
it  is  decomposed :  its  add  being  partly  expelled,  partly-!^ 
solved  into  its  ccmstitaent  principles. 

NiTBATK  OF.  AnoiL. — ^The  solution  of  argil  in  nitric 
add  becomes  gdadnous  on  evaporation,  and  9oSt  crystal- 
line scales  are  finrmed.  This  has  generally  an  excess  cf 
add :  its  taste  is  sour  and  astringent:  it  is  easily  solubk  in 
*water,  and  deliquesces  on  exposure  to  the  air.  It  is  de- 
composed by  heat.  The  nitrates  formed  ftpm  the  remaii^- 
ing  earths  have  been  little  examined»  and  are  of  no  imporv 
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* 

The  aolnkioii  of  ZmcoN  in  the  add  afEbrds  a  tnme- 
psrent  rennofas-l&e  matter,  not  easily  dried,  hamg  an 
astringent  taste.  Hiat  <^  Gi«ucfS£  cannot  be  cryrtalizedt 
hat  by  empankkm  forms  st  gdatanous  mass,  which  is  very 
ddfiquescent*  Nitratb  of  Ittbia  assumes  a  gehtinous 
ODnaistence  by  evaporation,  and  becomes  brittle  when  this 
jeDy  cools.    Its  taste  is  sweet  and  astringent* 


Sect.  II. — ^Nitrous  Acid. 

\ 

The  name  of  Nitrons  Acid  is  given  to  the  yellow  add 
obtained  by  distillation  in  the  usual  process  of  decom- 
posing nitre  by  sulphuric  add ;  and  it  has  been  remarked, 
that  it  owes  its  yellow  colour  to  the  presence  of  a  portion 
of  nitric  oxide.  When  this  is  disengaged  by  inlying  a 
moderate  heat,  it  becomes  colourless,  and  if  nitric  oxide  is 
transmitted  through  it  in  this  state,  it  regains  its  colour, 
this  being  more  or  less  deep,  according  to  the  quantity 
communicated. 

Strictly  speakmg,  therefore,  there  is  no  add  ol  deter- 
minate composition  to  which  the  name  Nitrous  can  be 
{^operty  applied.  What  is  called  such  is  nitric  acid 
holding  nitric  oxide  dissolved ;  and  the  quantity  of  this 
may  be  variable,  and  even  indefinite,  between  the  mini- 
mum and  maximum.  According  to  the  quantity  com* 
municated,  the  colour  is  deeper.  From  a  proportion  not 
exceeding  1.2  of  nitric  oxide  by  weight  in  100  parts,  a 
pale  ydlow  colour  is  communicated ;  this,  as  the  quantity 
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is  increaded,  passes  through  thfldes  o(  bright  yelknr  tg> 
dark  orange,  in  which  the  proportion  of  nitrit  oodde 
Amounts  to  about  $.5  ;  beyond  this  an  olive  colouTy  md 
then  a  bright  greeh,  verging  at  length  into  hban^  sb  oiitaiiu 
ed,  and  if  the  trannniBsion  of  theatric  o!Kide  gas  be  con- 
tinued longer,  it  communicates  itd  dasticity  to  the  liquid 
acid,  an(}  the  whole  rises  in  very  dense  red  sMlSi^caih^ 
vapours.  The  acid  obtained  by  distillation  from  nitre  and 
sulphuric  acid  is  usually  of  a  pale  yellow  colour :  but  if 
the  heat  has  been  raised  very  high  towards  the  end  of  the 
process,  it  is  of  a  deeper  colour )  and  if  any  inflammable 
matter  has  been  contained  in  the  materials,  it  is  of  a  dark 
orange  red. 

The  colours  which  the  acid  assumes  from  this  impr^ 
nation  of  nitric  oxide,  are  likewise  considerably  dependent 
on  its  state  with  regard  to  dilution.  If  the  dark  orange- 
coloured  acid  be  mixed  with  water,  the  different  shades 
are  produced,  with  a  large  quantity  of  water,  blue,  wi& 
more  add,  olive,  and  bright  green.  These  colours  are 
not  permanent ',  the  oxygen  loosely  dissolved  in  die  water, 
or  imbibed  from  the  atmosphere,  oxygenating  the  nitric 
oxido,  luid  bringing  the  whole  to  the  state  of  nitric  add. 

The  nitric  add,  by  these  combinati<ms  with  nitric 
oxide,  has  its  spedftc  gravity  diminished  i  a  pale  acid  of 
1.52,  when  converted  into  yellow  acid,  becoming  nearly 
of  the  qpedfic  graVity  of  1.51. 

Nitrous  acid  in  its  relations  to  other  diemical  agents  is 
similar  to  the  nitric  add.  It  oxidiaes  in  the  same  manno'^ 
and  with  the  same  phenomena,  inflammable  bodies. and 
metals,  and  combines  with  the  metallic  6xides.    These 
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combinations  are  indeed  merely  those  of  the  nitric  acid»  as 
the  nitrous  oxide  is  disengaged  during  the  process. 

The  compounds  of  nitrous  acid  with  the  alkalis  or 
earths  cannot  be  obtained  by  direct  combination  ;   for 
when  it  is  added  to  any  of  these  bases,  the  greater  part  of 
the  nitric  oxide  is  expelled.  Some  of  them  can  however  be 
obtained  in  an  indirect  mode,  by  a  process  pointed  out  by 
Scheele,  that  of  exposing  a  nitrate,  as  that  of  potash,  to 
cadi  a  heat  as  partially  decompose  the  nitric  acid,  and  ex- 
pels  part  of  its  oxygen.     The  r^naining  acid  with  a  por- 
tion cf  nitric  oxide  exists  in  combination  with  the  alkaline 
base,  and  these  are  probably  to^be  regarded  as  triple  com* 
pounds  of  these  principles*    They  are  named  Nitrites. 
Berthollet  observed  that  the  nitrate  of  potash  treated  in 
this  way  became  alkaline,  so  as  to  render  green  the  syn^ 
43£  violet,  and  that  when  an  add  was  poured  upon  it,  effer-^ 
vescence  happened,  and  nitrous  add  vapour  was  discnga« 
ged.  The  others  have  not  been  examined  very  particular- 
ly, but  the  above  characters  i^pear  to  belong  to  all  of 
them.     On  exposure  to  the  atmosphere  they  absorb  oxj* 
gen,  and  return  to  the  state  of  nitratBs. 

As  the  chemical  pmoperties  and  agendes  of  the  nitric  and 
nitrous  acids  are  so  much  alike,  the  latter  is  generally  used 
in  the  arts,  and  indeed  for  most  of  the  purposes  to  trhich 
the  other  might  be  applied,  as  it  is  more  easily  procured. 
The  add  also,  for  the  greater  number  of  purposes  for 
whidi  it  is  used,  must  be  diluted,  and  in  this  dilution  it  [  ^ 

SOCHI  passes  to  the  state  of  nitric.  The  aquafortis  of  com- 
merce is  a  nitric  acid  diluted,  and  generally  impure  from 
the  admixture  of  muriatic  and  sulphuric  adds. 
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Sect.  III.— Of  Nitric  Oside. 

DuKiNG  the  action  of  dQuted  nitric  acid  on  metak,  a 
species  of  elastic  fluid  is  disengaged,  which  was  first  obser- 
ved by  Hales,  and  afterwards  examined  by  Priestley,  who 
gave  it  the  niime  of  Nitrous  Air,  or  Nitrous  Oaa,  a  name 
aotiBufficioitly  distinctive,  as  being  eqoaHy  eEpfikeble  to 
another  elastic  fluid,  and  for  which,  therefore,  that  of  Ni- 
tric Oxide  Gas  has  been  substituted.  It  is  a  oompoimd  of 
oxygen  and  nitrogen,  containing  a  smaller  proportion  of 
oxygen  than  nitric  acid»  Its  formation,  therefore,  in  the 
above  processes,  is  due  to  the  metal  abstracting  a  porCJon 
of  the  oxygen  of  the  acid,  the  nitric  oxide  aflwiming'  the 
elastic  form. 

It  is  not  always  evolved  pure,  the  abstraction  of  oxygen 
sometimes  proceeding  to  a  greater  extent,  and  portions  of 
nitrous  oxide  or  nitrogoi  gas  being  evolved.  It  is  obtained 
in  the  state  of  greatest  purity  in  the  action  of  dilated  ni- 
tric acid  on  quicksilver  or  cqpper ;  one  part  of  the  concen- 
trated add  being  diluted  with  four  or  five  parts  of  water^ 
and  poured  on  copper-filings  in  a  retort;  on  applying  a 
very  moderate  heat,  the  copper  decomposes  the  acid  by 
attracting  oxygen,  and  nitric  oxide  gas  is  disengaged. 

The  relation  of  this  elastic  fluid  to  nitric  add  is  not  on- 
ly established  by  the  nature  of  the  process  by  which  it  is 
obtained,  its  composition  is  likewise  established  by  its  ana- 
lysis.   By  taking  the  electric  ^park  in  it,  it  is  converted  in« 
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t6  nitrogM  gaS|  aad  nitrous  ts^dd.  When  esqxMed  to  the 
aetioti  of  substances  exerting  a  strong  attraction  to  oxy*- 
gen>  it  is  partiaBjr  or  entirely  decomposed.  TI;ius  by  the 
action  of  iron  or  zinc,  >of  phosphorus^  or  charcoal,  it  is 
converted  either  into  nitrogen  gas>  the  whole  of  its  oxygen 
being  abstracted,  or  into  nitrous  oxide,  part  of  it.only  being 
removed.  Eroia  these  analytic  raqieriments,  Mr  PaTy^fix* 
ed  the  proportions  of  the  principles  of  this  compound  at 
£6  of  oxygen,  and  44  of  nitrogen  by  weight 

Nitric  oxide  is  permanently  elastic,  colourless,  and  there- 
fore  invisible.  It  is  rather  heavier  than  atmospheric  air, 
the  pn^rtion  being  nearly  as  100  to  92.  Its  qpedfic 
gravity  is0.001S6«  100  cubic  inches  of  it  weigh  34.3 
grains.  ' 

It  proves  extr^nefy  deleterious  tf>  animal  life.  Warm- 
blooded animals  die  almost  immediately  on  a  full  inspira- 
tion of  it,  and  the  irritability  of  the  heart  is  destroyed* 
.  Insects  whidi  live  in  several  other  noxious  gases,  are  quick- 
ly, kiD^  by  immersion  in  it,*  atvd  fishes  die  in  water  im- 
pregnated with  it  It  proves  even  noxious  to  v^table 
hfe^  the  leaves  of  a  growing  plant  soon  becoming  withered 
in  it,  and  the  plant  dyings 

Exposed  to  distilled  water,  a  portion  of  it  is  absorbed 
equal,  when  the  water  has  been  previously  freed  from  air 
by  boiling,  to  11.8  cubic  ixiches,  by  100  of  wat^.  The 
gas  is  again  expelled  unchanged  at  a  temperature  of  212^. 
By  common  spring  water,  a  larger  quantity  is  absorbed, 
the  nitric  oxide  being  in  part  converted  into  nitric  add, 
by  the  oxygen-which  water  holds  loosely  dissolved. 

When  the  water  is  impregnated  with  certain  metallic 
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aaltsy  as  wifii  llie  green  ad^hate  or  green  muriate  oiirofi^ 
it  condenses  a  much  larger  portion  of  nitric  oxide  gaa. 
This  has  been  supposed  owing  to  a  decamposition  of  the 
gBiBf  its  oxygen  being  attracted  by  the  metallic  salt;  andiii 
confirmation  of  this,  it  has  been  observed^  that  a  pcolioB 
of  nitrogen  exists  in  the  residual  gas.  Vauqudin  and 
Humboldt  ooncbidedj  that  these  changes  are  arox  imxc 
complicated,  one  portion  of  the  nitric  oxide,  acccndiiig  to 
the  view  they  gave,  attracting 'oxygen  from  the  water,  so 
as  to  form  nitric  acid,  and  the  nititigen  of  another  porticm 
of  it  uniting  with  the  hydrogen  of  the  decomposed  water 
and  forming  ammonia.  Mr  Davy,  however,  has  found  rear 
son  to  conclude  from  his  experiments,  that  the  gas  is 
merely  absorbed :  if  the  action  of  the  atmo^h^c  air  be 
carefully  exdnded,  he  finds  that  the  liquid  has  no  sensible 
acidity,  and  the  nitric  oxide  gas  may  be  procured  6rom.  it 
again  unchanged^  either  by  the  removal  of  pressure  by  the 
air-pump,  or  by  applying  a  very  moderate  heat.  It  is  on- 
ly if  the  air  is  ad^utted  that  lAtric  acid  and  ammoma  axe 
formed.  The  residuum  of  nitn^[en  observed,  he  supposes 
to  be  merely  that  which  had  been  mixed  with  the  nitric 
oxide,  and  foreign  to  it';  and  this  therefore  affi>rds  a  mode 
of  determining  th^  purity  o£  nitric  oxide  gas. 

Nkric  oxide  gas  has  no  acid  properties.  Its  solution  in 
water,  fireed  firom  air,  does  not  taste  sour,  nor  does  it  red- 
den the  vegetable  colours.  Neither  does  this  hqopen  fium 
the  introduction  of  the  gas  itself,  previously  washed  m  wa> 
ter,  to  vegetable  coloured  infiisions.  l%e  colour,  how- 
ever, is  impaired. 

Nitric  oxide  gas  is  capable  of  supporting  combustion  v^ 
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some  substancefl  only,  and  in  them  only  at  an  elevated  tem- 
perature. A  lighted  taper  immersed  in  it  is  extinguished^ 
as  is  su^hur  introduced  in  a  state  of  inflammation.  Phos- 
phorus may  be  fused  in  it  without  burning ;  but  if  intro- 
duced in  a  state  of  active  combustion,  it  bums  with  great 
splendour.  Fyrophorus  bums  in  it  at  a.  low  temperature. 
Charcoal  suspended  in  it  in  a  state  of  ignition,  burns  feebly. 

With  oxygen  nitric  oxide  gas  combines  with  great  faci- 
lity, and  this  forms  its  most  important  and  characteristic 
property.  They  instantly  combine,  and  a  red  coloured 
y^x>ur  is  produced,  which,  if  the  experiment  be  made 
over  water,  is  inupediately  absorbed,  leaving,  if  the  gases 
be  pure,  no  residuum ;  and  what  is>  singular  in  so  rapid  a 
x;ombination  of  oxygen,  no  sensible  emi^on  of  Ught  at- 
tends the  combination,  and  soiittle  caloric  is  rendered  sen- 
sible, that  the  vessel  scarcely  becomes  sensibly  warm  to  the 
hand.  The  phenomena  are  similar  when  nitric  oxide  gas 
is  presented  to  atmospheric  air ;  the  oxygen  is  condensed^ 
and  if  the  due  proportions  have  been  observed,  the  nitro- 
gen of  the  atmospheric  air  remains  pure. 

From  the  application  of  this  combination  to  eudiome- 
trical  experiments,  it  is  an  object  of  considerable  impor- 
tance to  determine  with  precision  ihe  proportiims  in  which 
these  gases  combine  so  as  to  produce  mutual  condensation. 
But  this  has  been  found  very  difficult  $  results  extremely 
discordant  have  been  given  on  different  authorities,  some 
fixing  the  quantity  of  oxygen  condensed  at  100,  by  200 
measures  of  nitric  oxide  gases ;  others  finding  that  250,  or 
even  300  of  the  latter,  are  condensed  by  100  of  the  former. 

Vol.  I.  Cc 
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These  differenees  aiifee  fi^rai  this  eircimsstaBee^  thai  oxy- 
gen and  nitric  oiade  are  capable  of  eombming  in  dftr^t 
proporti(»s,  <Mr  rather,  that  ahheugh  there  is  one  propop- 
ticm  in  wbieh  tfaej  are  mutualty  saturated,  the  eoiDpoifacl 
which  results  from  this  proportion  is  eapaUe  of  absorbi^ 
variable  proportions  of  nitric  oxide,  and  these  are  laatotf- 
rialty  determined  bj  the  circumstanees  under  whieh  ^e 
combination  takes  place.     The  presenee  of  water,  in  par- 
ticular, bj  condensing  the  product,  has  a  very  inqaortant 
influence.     If  it  is  entirety  excluded,  as  bjr  ccwibinlng^  tho 
two  gases  in  an  exhausted  globe,  there  is  scaredy  any  ocm- 
densation }  an  dastic  product  of  a  red  ec^ur  i»  formed, 
and  diis  may  admit  variable  quantities  of  oxygen  or  of  ni- 
tric osdde  into  the  combination.     But  if  water  be  admit- 
ted to  condense  the  elastic  fluid,  it  does  so  during  the  pro- 
gress of  the  combination  itself,  determines  the  prcportiens^ 
therefore,  in  which  this  takes  place,  and  renden  these  pro- 
portions dijBbrent,  as  it  it  more  or  less  freely  ai^mtfeed. 
The  larger  the  surface  of  water  is  over  which  the  mixture 
is  made,  the  less  oxygen  enters  into  combination  with  dio 
nitric  oxide,  probably  from  the  drcumstance,  that  when  a 
narrow  surfece  of  water  is  eocposed  to  the  mixture  the  ab- 
sorption is  slow,  and  the  progresi  of  the  combination  ocmi- 
tinues  towards  saturation,  while,  when  the  sur&ioe  is  large, 
it  is  absorbed  as  it  takes  place,  and  before  the  proporti<m 
in  which  the  nitric  oxide  is  saturated  is  iully  established. 
And,  on  the  same  principle,  agitation,  and  even  the  order 
in  which  the  gases  are  presented  to  each  other,  have  an  in- 
fluence on  the  results. 
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^Fhii'  property  of  nkrotis  gas  of  oomliiiung.  witb  oa^esk. 
IpiB  ft  Yiatuvftl  temperaturea,  and  forming  a  compound 
quickly  absorbed  by  water,  lias  beeti  flp)iJied  to  the  pm** 
pose  oS  eadiomGtKyy  and*  it  kea  some  advantages*  The 
combination  takes  place  so  rapidly,  that  the  result  ia  isame-i 
^tely  obtained,  aikl  it  requires  no  compUcated  appara^ 
tad.  It  was  introdueed  by  Dr  Pxiesiley,  and  since  hia 
time  h^  b^ecsi  used  in  di&rent  fiairiiu*  It  has  alwaya» 
hoM^^V^r,  been  found  vevy  difficult  to  enipV>y  it,  so  as  to 
obtaki  accurate  results,  owing  to  its  being  so  much  influen-t 
ced  by  circumstances,  which  determine  the  combination 
as  s^bove  explained^  H^nce  it  was  nearly  relinquished. 
tilb*  Dalton^  however,  has  lately  given  it  a  prefispenceto 
9Ay  other,  as  more  ^oifpeditious,  and  capable  of  being  ren* 
derod  eq^aJly  correct  {ie  has  ob^rved,  tt^  nitric  02udd 
gas  mpy  be  combined  with  oxygen  gas,  so  as  to  fprm  ei- 
ther ni&ic  ^id,  pr  nitrous  acid ;  96  measures  of  i^  unit^ 
ing  with  21  to  form  the  fprmer,  and  72  unitipg  widi 
21  to  fonn  th^  latter  :  Hfie  combination  in  either  pro* 
portion  is  determined  by  the  manner  of  makiiig  t^e  eixpe» 
riment  i  and  to  ^ve  accuracy  to  the  result  as  a  eudiome* 
trical  process,  it  must  be  conducted  in  such  ^,  manner  aa 
to  form  nitric  a,cid  or  nitrous  acid  wholly^  and  without  a 
mixture  of  the  oth^.  The  former  he  I^bb  found  to  be  most 
isasily  and  most  accural^  e^cted.  **  Ip  order  to  this,  a 
iiaiTow  tube  is  necessary ;  one  that  is  just  wide  enough  to 
let  air  pass  water,  widiout  requiring  the  tube  to  Jj^gagita- 
ted,  is  best.  Let  little  ipore  nitrous  gas  than  is  Sufficient 
to  form  nitric  acid  b«  admitted  to  the  axygeoou^  fffs ;  let 
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no  agitation  be  used,  and'aA  soon  as  the  diminution  i^ 
pears  to  be  over  for  a  moment,  let  the  residuary  gas  be 
transferred  to  another  tube,  and  it  will  remain  withoutany 
further  diminution  of  oxygen.  Then  ^V^^  oftheloss  will 
be  due  to  oxygen."  In  making  the  experiment^  therefore^ 
on  atmospheric  iur,  add  36  measures  of  nitric  oxide  gas  to . 
100  of  air;  conduct  the  experiment  as  above  directed; 
ascertain  the  diminution  of  volume,  and  having  multiplied 
this  by  V7>  the  product  indicates  the  proportion  of  oxygen 
which  the  air  had  contained.  ^^  The  tube  which  Mr  Dal- 
ton  uses  is  represented  Fig.  20.'' 

Another  method  of  appljring  nitric  oxide  gas  to  eudio- 
metry  was  introduced  by  Mr  Davy,  that  of  using  solu- 
tions of  sulphate  or  muriate  of  iron  impregnated  with  it, 
these  absorbing  the  oxygen  of  atmospheric  air  very  quick-, 
ly,  and  producing  a  diminution  equal  to  21  in  100  parts. 
An  apparatus  for  employing  these  solutions  in  eudiome- 
trical  experiments  has  been  invented  by  Mr  Pepys,  the  li- 
quid being  put  into  an  elastic  gum  bottle,  which  is  con- 
nected by  a  glass  tube,  when- the  experiment  is  to  be  made, 
with  a  graduated  tube  containing  the  air ;  by  pressing  the 
bottle,  the  liquid  is  made  to  act  on  the  air  with  a  d^rree- 
of  compression,  which  favours  the  result.     The  method  is* 
however  rather  oomplicated  for  common  use,  at  least  wboK 
we  have  others  equally  accurate  and  more  simple. 
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Sect.  IV, --^Cff  Nitrous  Oxide. 


•    This,  the  last  of  the  compounds  of  oxygen  and  nitro- 
gen, was  discovered  by  Dr  Priestley,  who  gave  it  the  name 
of  Dephlogisticated  Nitrous  Air.     Mr  Davy  first  obtain-    ' 
ed  it  in  a  state  of  purity,  and  to  him  we  are  indebted  for 
our  knowledge  of  its  most  singular  properties.     He  gave  , 
it  the  mbre  concise  appellation  of  Nitrous  Oxide. 
.    It  is  obtained  by  various  processes,  in  which  nitric  oxide 
or  nitric  acid  is  partially  decomposed,  as  by  exposing  ni- 
tric oxide  gas  to  the  action  of  iron-filings  moistened  with 
water,  of  iron-filings  and  sulphur,  or  of  the  alkaline  sulphu- 
rets  ;  and  it  is  also  disengaged  in  a  state  of  mixture  with  , 
nitrogen  and  nitric  oxide  during  the  solutions  of  some  of 
the  metals  in  nitric  acid.     But  the  process  by  which  it  is 
obtained  most  easily  and  in  greatest  purity,  is  in  the  de- 
composition of  nitrate  of  ammonia  by  heat.     This  salt,  in 
the  different  states  of  ^ciystalUzation  in  which  it  exists,  is 
decomposed,  so  as  to  afford  this  product  at  different  tem- 
peratures, intermediate  between  320^  and  500**.     Above 
600°  the  decomposition  takes  place  with  an  explosion,  and 
the  evolution  of  other  products,  principally  water,  nitrous 
acid,  nitric  oxide,  and  nitrogen  gas.     But  this  can  be 
guarded  against,  by  the  due  regulation  of  the  heat  applied 
by  a  lamp  to  the  salt  in  a  tubulated  retort,  raising  it  quick- 
ly to  the  requisite  temperature,  taking  care  not  to  exceed 
f  OQ^,  0Qd>  in  particular^  not  to  raise  it  so  high  as  to  pro* 
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duce  a  hminous  appearance  in  the  retort.  The  nilrou?^ 
oxide,  with  watery  vapocA*,  are  disengaged ;  the  latter  con- 
denses in  the  neck  of  the  retort ;  the  former  is  received 
over  water,  as  not  laudi  of  it  is  imti^ediately  absorbed  j  it 
IS  generally  white,  and  a  little  opaque,  from  a  small  por- 
tion of  the  nitrate  of  asdiaMiia  fadag  vi»latilized$  but  tiiia 
}8  soon  absorbed  by  the  water,  and  it  become  iranspa* 
rent. 

In  this  pirooess  the  hitric  acid  and  tlie  ammonia  of  the 
«a}t  both  sulfer  decoiDpo^ion  ^  tbe  hydnogen  of  the  am-^ 
monia  attracts  a  portion  of  the  okygen  of  die  add  sn 
Ibrms  waiter»  and  the  remaining  oxygen  is  jnA  sofiicsent, 
when  eoHibined  with  the  aitrogeii  of  tfie  aetd  and  Ibe  ni- 
trogen of  the  alkali,  to  iorm  Ithis  oompofind,  nitrous  oxide. 
Accordingly  Water  and  nitroiis  osddiegas  are  the  scdc  pro- 
ducts, if  dbe  t^topeirature  has  notjbeen  raised  too  high  tm 
teauae  die  operation  of  other  affitiities.     E^iimatingABpro- 
{)orti<»is  of  die  eleinents  of  this  compound  from  its  fanna'^ 
tion,  Mr  Davy  btates  diem  at  69.4  of  nitrogen,  and  S7.6 
of  oxygen ;  and  from  its  analysis  by  detonation  with  hy- 
drogen, or  by  burning  charcoal  in  it,  he  ifaids  them  to  be 
afanost  the  same,  65  of  the  ohe  elennent,  and  37  of  tiia 
other.     With  this  the  ^timadon  of  its  composidonby  the 
Dutch  Chemists  agrees ;  the  proportions  they  give  being 
62.5  nitrogen,  and  37.5  o^gen. 

Nitrous  oxide  is  permanently  ehutic.  Its  spedflc  gra- 
vity is  to  that  of  atmoq^ric  air  nn  161  to  100.  100  cu- 
bic inches  weigh  50. 1  graihs.  Its  taste  is  sweetish*  Its  o- 
dour  is  very  fiunt 

TWs  gas  is  absorbed  by  water }  the  water,  at  a  mean 
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teojpoitrtiu^y  and  vaytet  an  atmoeipheric  prCMure^  <lali^  ^ 
libeut  Laif  in  hnlk^  en.bo3i^g  the  «oIution^  the  ga«  is  gt* 
ven  out  anoliaagiad  4  dib  solution  Imis  a  sfv^etish  titt(e»  and 
a  «Ught  ^oHr>  mt  diaagireeaUe ;  neither  it  nor  the  gas 
cbanges  the  ve^;<table  tooloiirs.  It  is  likewise  absorbed  hj 
alkebrf  aad  bjr  €lfaer^  4K*Binuiiicatiiiga  sweet  taster  it  ip 
again  expelled  by  heot^  and  in  pert  by  the  addition  of  wa- 

Mitnms  oxide  gas  sUffiH«  no  diadnution  of  voitane^  n^t 
any  chaoage  of  properties,  when  mixed  with  OKygien,  «itr<^ 
gen,  or  hydvdgen  gas.  At  ignition^  it  detonates  with  hyr 
dMgeB.  It  is  decomposed  at  a  high  tebipenatara^  as  \^f 
tainsaiitti^g  the  electric  spark  thUoMgh  it,  or  pasting  ^ 
throagh  an  ignited  earthen  Mbe^  and  is  converted  itil^  nW 
trom  mddf  atad  oxygoi  and  nitir^gen  gases. 

Tliisgasispowierfttlinsiippdrti^goonibiistioBi.  Al%^ 
€d  taper  burns  M  ft  with  an  apalacged  and  bri^ght  flames 
phosphorus  with  a  daading  white  ti^  t  sn^^hur  with  h 
vivid  rose-oofenred  flame ;  and  iron*wire  inth  oonrasc^- 
tions.  A  higher  t^nperatnre,  bowei7«er,  is  reqpiired  lor 
diese  combustions,  than  fiir  4he  bumu^  <tf  the  isame  boi- 
dies  in.oxygen  gas  or  Atmoflpheric  air.  During  ihe  coc»- 
biistioni  a  portion  of  nitrous  a^id  is  produced  aldlig  with 
the  product  of  the  oxj^geniactn^it  of  the  combustible  body. 

The  dperatbn  of  this  elastic  fluid  on  (he  anisial  system, 
when  it  is  reodwd  infothe  lungs,  is  scarcely  analogous  to 
that  of  ttiy  other  {diysicai  i^ent.  It  had  been  bdicved  tb 
be»  in  connnan  with  the  greater  number ^of  the  gtses,  fiitsl 
to  life.  Mr  Davy  found  that  it  couki  be  breathed  with 
safety,  and  in  his  £Eurther  experiments  on  it,  iliscpvered 
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the  singular  effects  it  produces.  After  a  few  inspirations 
of  it  have  been  made,  it  causes  a  sense  of  lightness  and 
expansion  in  the  chest,  and  a  pleasurable  sensation  be^ 
gins  to  extend  over  the  whole  body ;  this  increases,  and 
is  accompanied  with  a  desire  to  inhale  the  gas ;  Fespira- 
tion  therefore  becomes  fuller,  and  is  performed  with  more 
energy.  Exhilaration  is  soon  produced ;  and  if  the  respi- 
ration is  continued  sufficiently  long,  a  crowd  of  indistinct 
ideas,  often  in  very  singular  combinations,  pass  through 
the  mind  i  there  is  an  in^esistible  propensity  to  laughter 
and  to  muscular  exertion,  and  violent  exertions  are^made 
with  alacrity  and  ease.  These  efiects,  after  the  inspira^ 
tion  has  ceased,  continue  for  four  or  five  minutes,  or 
sometimes  longer ;  they  gradually  subside,  and  what  is  not 
the  least  of  these  singularities,  the  state  of  the  system  re- 
turns to  its  usual  standard,  and  jfrom  this  high  exdtement 
no  subsequent  languor  or  exhaustion  is  fett  Its  operation 
is  not  however  uniform  on  difierent  individuals :  its  c£> 
fects  occur  in  various  combinations ;  they  are,  as  may  be 
easily  supposed,  more  readify  excited  in  some  than  in 
others ;  and  where  much  susceptibility  has  existed,  alarm- 
ing or  unpleasant  symptoms  have  been  produced.  Warm- 
blooded animals  confined  in  the  gas,  die  in  a  few  minutes, 
frequently  with  previous  symptoms  of  excitement ;  and 
fishes  die  in  water  impregnated  with  it  The  gas  appears 
during  its  respiration  to  be  absorbed  by  the  blood  :  this 
fluid  acquires  a  purple  colour,  and  after  death  the  mus- 
cles are  found  inirritable.  No  satisfactory  hypothesis  can 
be  advanced  Vith  regard  to  its  qperation. 
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^ous  oxide  can  be  combined  with  the  fixed  alkalis, 
an  indirect  process  discovered  by  Mr  Davy.  '  It  con- 
sists in  exposing  sii^hite  of  potash  or  soda,  mixed  with 
pure  potash  or  soda,  to  nitric  oxide  gas ;  the  sulphite  at- 
tracts oxygen  from  the  nitric  oxide,  and  converts  >  it  into 
nitrous  oxide,  which,  as  it  is  formed,  combines  with  the 
alkali,  and  the  compound  is  separated  by  solution  and 
crystallization  from  the  other  saline  matter.  These  com- 
pounds, to  which  Mr  Davy  gave  the  name  of  Nitroxides, 
are  soluble,  and  have  a  sharp  taste ;  they  cause  inflamma- 
ble  substances  to  bum  or  d^Bagrate  when  heat  is  applied, 
and  afford  nitrous  oxide  when  decomposed  by  the  adds; 
or  by  heat. 


CHAP.  II. 

OF  SULPHUBIC  ACID  AND  ITS  BASE. 

Sulphur  is  the  base  of  sulphuric  acid.  When  sulphur 
is  combined  with  an  inferior  proportion  of  oxygen,  it 
forms  sulphurous  acid.  United  with  hydrogen  in  differ- 
ent proportions,  it  foiins  at  least  two  compounds,,  sulphu- 
retted hydrogen  and  super-sulphuretted  hydrogen.  It 
fiuther  combines  with  the  alkalis  and  earths.  Thechenu- 
cal  history  of  all  these  forms  the  subject  of  the  present 
phapter. 


4>0  ^r  iSULFSiVfU 


Tft«5  iBflammable  fiobseftnoe  «3U6ts  in  Ifae  Runeral  Iring- 
do«i»  bbih  in  «  blale  f^coHibinatMHi  and  ia  a  p«ire  Sksdu 
lajtbe  jatter  stated  it  is  prindiialiy  a  Tolcafttc  i^rodndaon, 
ihcM^h  mm^  «A]^iir  likeinrise  aotufs^  wUch  omBot  be 
rappoted  to  have  this  orjgia.  It  «Kiels»  tOGS  in  sraaO^oaa- 
tky  m  veg^tabfe  and  aMiaal  pr^ducte* 

VelcaiMc  ao^phttr  afibtnls  <lie  gpeater  part  €f  tke  fiadpiwr 
of  commerce.  It  is  usually  purified  by  sobltmatioii)  ud 
the  sulphur  is  thus  obtained  in  the  form  of  a  light  powder 
of  a  yellow  colour.  This  is  easily  fiused,  and  fimns  a  so- 
lid mass,  brittle,  and  displaying  somewhat  of  a  arystaOine^ 
structure,  and  by  slow  cooling  it  may  be  obtained  in 
needieJike  crystals.  By  precipitating  sulphur  firom  its 
combination  with  an  alkali  by  an  acid,  it  is  obtained 
pearly  white,  as  it  is  abo  by  dropping  water  on  it  when 
in  fusion,  or  subliming  it  into  a  ressel  filled  with  watery 
W9tp9Kt  \  tlua  whiteness  has  hence  been  aaciibed  to  the 
eoobkiaitffDn  of  a  small  portion  cdif&bBT* 

Sttiphur  melts  at  a  temperat4ire  of  1^4>%  and  m  phtn^ 
BuenDn  nearly  peculiar -to  it  is  diqriaysd  ia  ita  Bmem.  V 
ailer  it  n  fiiHy  mekied,  the  heat  becoittiiiued^  or  (Bfv^ 
imtetRi  of  flowing  thxnner,  it  incoftm  MA^  and  thb 
thickening  oontinms  progreHive^  as  the  tsnlpemittre  rfaes 
even  through  a  range  of  nearfy  200  degrees,  untS  k  be> 
come  quite  viscid.     The  thickeningt  accoiding  to  Dr  Ir^ 


vme^s  €^)eritaieirt9»  commences  at  296^  ^  Fa)iFcidleit»  atid 
continBes  to  kiereaise  to  550>  at  whicJb  teu^ratHre  the 
toiiphisr  mblimes.  It  is  quite  inckpendclnl  of  the  nd^on 
<^f  die  «Sr,  and  does  noft  therefore  arise  ieem.  oxygenation, 
and  indeed  di^etids  oh  no  permanent  change,  asby  mea^e* 
iy  reducing  the  temperaturei  dote  liquidity  is  tt0co^«red» 
and  the  e:q>e!rknent  may  be  repeated  on  the  same  sa^thnr 
a  nutdber  of  tioaes.  If  poured  when  visdd  into  wtfter^  it 
remains  £>r  a  tme  soft  and  toug^,  ^ssd  it  may  be  mwie  to 
take  the  isipixeBfikm  fin^m  a  mould* 

Sulphur  rises  in  vapour,  at  a  ten^ierature  not  much 
higiKr  than  diat  at  which  it  melts^  If  the  air  be  admR'^ 
jfed,  it  burtis  at  a  temperature  t)f  abo^  S00«  with  a  pii» 
bhie  Aamet  and  the  production  of  puogent  ^uflbcating 
flames.  .  If  the  heat  be  raisec},  its  combustitm  is  mere  vi»« 
vid,  as  it  is  also  in  oxygen  ga% 

In  its  combttflljoii,  sulphur  comhiiies  with  two  pk'opor^ 
tions  of  oxygen,  forming  two  acids.  The  principel  pro*- 
duct  is  a  gaseous  atdd,  Stdphurous  acid  gas  as  it  is  namedt 
but  thtn*e  is  always  JEMrraed  with  this  a  portion  of  a  liquid 
acid  not  volatile,  cMitaining  a  lai^ger  proportion  of  oxygen^ 
the  sulphuric  acid.  The  propmtions  of  thesC/are  variau% 
according  to  the  ctrcumstances  of,  the  combilstion,  the 
quantity  of  sulphuric  acid  being  grealer  as  oxygen  is  more 
•fredy  supplied. 

Sulphur  combines  wiA  hydrogen,  and  this  iroiubinap 
tion,  too,  appean  to  be  establisfaed  in  different  proper* 
tioxis.  It  unites  with  other  inftunmables,  andi  with  ik^ 
greater  number  of  the  metals.  It  combines  with  ijie  al» 
kalis  and  alkaline  earths,  acquiring  from  their  actiofi  so* 
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lubili^  in  water,  and  the  power  of  decomposing  it.      It  al- 
so enters  into  combination  with  their  metallic  baaes. 

Sulphur  had  usually  been  regarded  as  a  simple  snb- 
stance :  but  some'  facts  have  been  more  lately  observed, 
whence  it  has  been  inferred  that  it  contains  faydrogeo. 
Thos,  the  younger  BVthoUet  found,  that  on  passing  sol- 
phur  in  vapour  thix)ugh  an  ignited  glass  tube,  traces  of 
sulphuretted  hydrogen  are  always  obtained  :  and,  in  com- 
bining sulphur  with  metals  by  applying  heat,  there  is  an 
evolution  of  the  same  product :   it  is  likewise  obtained 
by  passing  the  vapour  of  water  oTer  melted  sulphur ;  and 
that  in  this  case,  it  is  not  produced  by  the  deoranpositioB 
of  the  water,  is  proved  by  no  portion  of  acid  being  form- 
ed.    Mr  Davy,  in  submitting  sulphur  to  the  action  of  gal- 
vanism, found  sulphuretted  hydrogen  to  be  given  out  in 
considerable  quantity  j  and  in  combining  it  with  potas- 
sium by  the  application  of  heat,  he  likewise  foand  that  thia 
product  is  evolved ;  he  hence  inferred,  that  sulphur  con- 
tains hydrogen.     And  farther,  finding  reason  to  conchide, 
that  oxygen  exists  in  the  composition  of  sulphuretted  hy- 
drogen, he  supposes  that  this  element  must  also  be  con- 
tained in  sulphur.     According  to  this  vie^tr,  sulphur  is  a 
compound  of  a  base  unknown,  with  small  quantities  of 
oxygen  and  hydrogen.     This  has  scarcely  been  confirmed, 
however,  by  his  subsequent  experiments^  and  these  result^ 
so  far  at  least  as  relates  to  the  presence  of  oxygen,  appear 
to  admit  of  explanation  on  a  supposition  which  the  pheno- 
mena do  not  preclude,  that  su^hur  may  contain  a  small 
quantity  of  combined  water. 
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Sect*  II. — Of  Sulphuric  Acid. 

Sulphuric  add  used  to  be  obtained  by  distillation  from 
sulphate  of  iron^  the  Green  Vitriol  of  the  older  chemists^ 
whence  the  name  of  Vitriolic  Acid>  by  which  it  was 
known.  .  It  is  now  always  procuredVrom  the  combustion 
c£  sulphur,  the  method  having  been  discovered  of  con- 
ducting this  combustion,  so  that  the  formation  of  sulphu- 
rous acid  is  in  a  great  measure  prevented,  and  the  princi- 
pal product  is  sulphuric  add.     The  process  consists  in 
adding  a  small  quantity  6f  nitre^ — ^from  one-eighth  to  one- 
tenth,  the  weight  of  the  sulphur.    They  are  intimatdy 
mixed  in  powder,  and  portions  of  the  mixture  are  siicces- 
sively  kindled,  and  kept  burning  in  a  leaden  chamber,  the 
bottom  of  which  is  covered  with  water  to  the  depth  of 
three  or  four  inches.     The .  sulphuric  acid,  and  a  por- 
tion of  sulphurous  add  that  is  formed,  are  absorbed  by 
the  water }  and  when  the  liquor  is  sufficiently  add,  it  is  re- 
moved, and  by  boiling  it  in^lass  retorts,  the  sulphurous 
add  and  the  superfluous  water  are  expelled,  and  it  is 
brought  to  a  state  of  concenti;ation,  having  the  q>ecific 
gravity  of  1.842.     From  the  nature  of  this  process,  the 
acid  is  not  perfectly  pure.     It  contains  a  portion  of  sul- 
phate of  potash,  derived  from  its  action  on  the  potash  of 
the  nitre,  and  perhaps  also  a  minute  quantity  of  sulphate 
of  lead.     These  are  in  a  great  measure  predpitated  by  di- 
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luting  it  with  water,  and  are  more  completely  sepairatedl 
distilling  it  from  a  ^ass  retort. 

Hiere  is  considerable  difficulty  in  determining'  the  |fl| 
portions  of  ox^fgea  and  su^w:  i»  sulpliuric  acid,  pii| 
cipally  from  the  difficulty  of  estimating  the  real  product  i| 
acid  free  iirom  water  $  and  kenoe  the  resqks  pf  dURwia 
exp^nrimentr  have  been  ecxtremely  varion^.    The  profm 
tion-of  sulphur  has  been  stated  so  low  as  4d  in  lOO  ptu9f 
and  so-  high  as  7d.     f*fae  ktest  eiq>erini6iit8  are  ttuxe  dl 
Chenevix  and  Thenard:  the  pioportions  ass^ned  fton 
the  foimer  ave  &l*J  of  s^^uis  and  36.5  c^  oaygea  ;  &om 
the  latter  55.56,  and  44.44,  and  enei)  these  are  douMi^ 
as  the  estimate  of  the  composition  of  an^a|e  of  baiytsi 
on  which  they  rest,  appears,  fboin  subsequent  eaqpevuBenl^ 
to  be  inoorreot.    The  acid,  in  any  state  of  oonosntratifia 
in  which  it  can  be  procured  insulated,  has  a  poriton  of 
water  always  combined  with  it     At  its  usual  qwrific  gra- 
vity  of  1.840,  this  is  oahnibted  by  Mr  Kirwan  ta  anuNuit 
to  91  in  100  parts.    The  greatest  state  of  concenferaikm 
in  which  it  has  been  obtained  is  that  of  the  spe^e  gvat 
vi^ofl.M6. 

Sulphuric  acid  c^  this  stvength  is  somewhat  viscid,  anif 
has  an  oily  appearance.  If  pure,  it  is  colourless  and  tran- 
sparent ;  it  is  inbdorous  i  its  taste,  when  it  is  even  Ufgtij 
dUutod  with  water,  is  intensely  sour,  and  in  very  minotB 
quantity  it  reddens  deeply  the  vegetable  colovups.  Inifs 
concentrated  state,  it  is  highly  corK>sive« 

Su^huric  acid  is  congealed  by  cold,  and  even  ory^tl^ 
liaes  #ith*  regularity.  The  temperature  at  which  tU 
tak^  place  is  very  different,  according  to  its  concentrii- 
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I  fSon.  When  of  tlie  speeifie  gravity  of  LS^f^i  it  congttdir 
at  — 15,  but  if  it  iff  diluted  witih  half  its  weight  of  water, 
ft  it  requires  a  ccM  ci — 56  to  eongeal  it  There  is  a  cer-> 
i  tain  state  of  dihitSon  meet  ftvouraUe  to  the  congebtieii } 
zv  t3iid  is  when  the  acid  is  at  the  spedfic  graiaty  intermediate 
K  between  1.786,  and'1.775;  at  this  it  freezes  at  die  tem^ 
Ni  pcrature  of  meking  snow ;  Neither  more  diluted,  or  more 
If  concwitratiBd  than  diis,  the  congehrtion  requires  greater 
^  cold  to  produce  it  lliese  fkcts  are  singular,  and  one  not 
i  less  86  is,  that  die  acid-  remains  congealed  at  a  highei'  ten^ 
i;  perature  than  that  necessary  to  cttuse  its  transition  to  the 
k  6oHd  finrm;  When  sulphuric  acid  too  is  impregnated 
I  widi  a  portion  of  su^hurous  acid,  it  beeomeiB  concrett 
i  even  at  ccmunon  natural  temperatures* 
I  SuJ^hudc  acid'  bolls  at  5£K)^»  It  is  decomposed  at  a 
I  red  heat,  being  resolved  into  oxygen  and- sulphurous  acid. 
I  It  has  a  strong  attraction  to  water,  so  that  it  imbibes  it 
,  from  exposure  to  the  atmosphere.  It  combiiies  direcdy 
I  with  water  in  every  proportion,  the  combinatioii  being  at^ 
I  tended  with  a  considerab^  increase. of  tempawture  from 
*    diminution  of  capacity. 

I  it  forms  no  combinatiun  with  oxygen  or  nitvegeii :  hy-> 
drogen  decomposes  it  at  a  fatg^  temperature,  by  attracting 
its  oxygen ;  it  sustains  a  similar  decomposition  from  the 
primary  infiammabkB ;  any  substance,  for  exunple,  con^ 
tailing  carbonaceous  matter,  acts  on  it  ev^n  in-  the  coM ; 
die  acid  becomes  black  from  the  evolution  of  <^arcoaI, 
and  a  little  sulphurous  add  is  formed.  If  heat  be  iqpplied, 
the  action  is  much  more  rapid,  and  carbome  acid  and 
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nilphiirous  add  gases  are  disengaged  with  efferresoeDoe  ;  a 
portion  of  sulphur  may  likewise  be  obtained. 

The  metals  abstract  oxygen  from  su^huric  acid^  in  ge- 
neral partially,  so  as  to  disengage  su^horoas  acid^  fik 
oxide  combining  with  a  pottion  of  the  acid  that  remsioi 
undecomposed.  When  the  acid  is  diluted  with  w^aSer,  k 
enables,  by  a  resulting  affinity,  those  metals,  which  have  t 
strong  attraction  to  water,  to  attract  it  from  the  mrater,  ami 
hence  there  is  a  disengagement  of  hydrogen  gas. 

t  Sulphuric  acid  combines  with  the  alkalis,  earths^  and 
metallic  oxides ;  producing,  when  the  due  prqportioiis  are 
observed,   mutual  neutralization  of  properties.     Its  salts 
are  named  Sulphates.     A  considerable  force  of  sS&aity  u 
exerted  between  tlieir    constituent  prind|iles,    and  th^ 
is  not  much  counteracted  by  any  tendency  of  the  acid 
either  to  elasticity  or  to  cohesion,  and  hence  they  are  not 
very  liable  to  decomposition  by  the  action  of  substattces 
exerting  attractions  either  to  their  acid  or  base.     Thej 
are  decomposed  in  general  by  heat :  the  metallic  sulphates 
are  more  susceptible^of  this  decomposition  than  the  others, 
the  acid  being  either  expelled,  or,  by  partial  decon^XKi- 
tion,  giving  sulphurous  and  oxygen  gases ;  the  earthy  at  a 
higher  temperature  suffer  a  similar  decomposition.     The 
neutral  alkaline  sulphates  are  not  decomposed,  with  the 
exception  of  sulphate  of  ammonia ;  but  when  crystallizied 
with  an  excess  of  acid,  part  of  that  excess  is  by  beat 
converted  into  the  same  products.      They  all  sufier  de^ 
composition  when  heated  with  carbonaceous  matter. 

.  Sulphate  of  Potash  is  formed  by  adding  diluted  sol* 
phuric  acid  to  a  dilute  solution  of  potash,  or  df  carbonate 
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•f  potash,  until  tlie  add  and  alkaline  proptrties  are  neur* 
traUzed.  A  cheapor  process,  generally  followed  in  pliar* 
maqr,  is  to  prepare  it  from  the  xesidual  maaa  obtained  in 
the  distillatton  of  nitric  add  from  nitre  and  snJ^karic 
aqd,  adding  to  it,  dissolved  in  water,  a  scdution  of  carfao* 
nate  of  potash,  to  neutralize  any  excess  of  acid,  and  ob- 
taining the  sulphate  by  evaporation*  The  crystals  of  this 
«0lt  are  prismatic,  small  and  grouped ;  it  reqoires  for  its 
solution  Seventeen  parts  of  water  at  the  temperature  of 
60°,  and  not  more  than,  five  parts  at  2ljt^.  Its  taste  is 
bitter.  It  is  decomposed,  like  the  other  su^hates,  by  ex- 
posure to  heat  with  carbonaceous  matter.  Acted  on  by 
nitric  or  muriatic  add,  it  suffers  partial  decomposition  from 
the  abstraction  of  part  of  the  base,  the  decomposing 
add  acting  by  its  affinity  and  quanti^,  and  producing  ^t 
participation  which  happens  when  two  adds  act  on  one 
base.  It  can  combine  with  an  excess  of  add,  and  even 
with  thU  access  crystallizes,  the  crystals  being  consider* 
9,1^  more  sdubk  than  those  of  the  neutral  sulphate ;  and 
by  the  repeated  action  of  water^  this'  excess  of  add  is  al-* 
most  entirdy  abstracted. 

Sulphate^  of  Soda. — This  is  the  salt  known  by  the 
name  of  Glaiiber's  Salt,  from  Glauber  the  chemist,  by 
whom  its  properties  were  first  noticed.  He  obtained  it 
from  the  residuum  of  the  dktillation  of  mmriatic  acid» 
from  muriate  of  soda  and  sulphuric  add,  this  consisting 
of  the  soda  c£  the.  muriate  of  soda,  with  sulphuric  iadd  in 
excess.  It  is  dissolved  in  water ;  the  excess  of  add  is  neu- 
tralized by  adding  lime;  the  fluid  is  allowed  to  remain 
imtil  it  becomes  clear  i  it  is  drawn  off  into  shallow  leaden 
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▼esseb)  and  on  oodkig  afibrds  ihe  neutral  BuIfihAte  m 
cryBtak^    It  k  also  cvbtained  as  a  residuimt  iif  other  pro- 
cesaesy  partioilarty  in  the  preparation  of  sal-amnioniac 
^firofn  muritfte  of  soda  and  au^hate  of  ammonia.     It  cry- 
stallizes in  six-sided  prisms^  bevelled  at  the  extremities. 
Its  taste  is  strong^  saline  and  bitter.     It  is  cffloreaoeDt; 
the  crystals  in  a  dry  atmosphere  soon  beooniing  white  and 
opaque^  and  at  length  they  fall  into  powder.     It  is^sohiUe 
in  less  than  three  times  its  weight  of  water  at  60^,  and  in 
less  than  its  own  weight  at  212°.     Exposed  to  beat  it 
undergoes  the  watery  fusion  ;  the  water  of  crystaffizatioiK 
U  soon  dissipated,  and  by  urging  it  with  a  strong  red 
heat  it  may  be  melted.     It  suffers  decompositions  similar 
to  those  of  sulphate  of  potash. 

Sulphate  of  Ammonia  crystallizes  in  six-sided  prisms 
acuminated  by  six  planes,  the  crystals  b^g  genenSf 
slender.  It  is  soluble  in  about  two  parts  of  water  at  60^9 
and  in  an  equal  weight  of  boiling  water ;  is  slightly  efik- 
rescent  Exposed  to  heat^  it  melts,  and  is  decomposed, 
part  of  the  ammonia  being  exhaled ;  at  ignition  its  add  is 
decomposed. 

Sulphate  of  Barytes  is  formed  whenever  baiytcs  is 
presented  to  sulphuric  acid,  in  whatever  state  of  combioa' 
tion  either  may  previously  exist  It  is  prec^itated  in 
powder,  which  is  nbt  solubie  in  water  in  any  appredaik 
quantity.  It  is  melted  by  a  strong  heat  When  faestd 
with  carbonaceous  matter,  its  add  is  decomposed,  and 
sul^huret  of  barytes  is  formed.  The  determination  of  the 
proportions  of  its  constituent  parts  is  of  considerable  im- 
portance, as  it  has  been  usually  employed  as  the  mode  of 
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ebCaining  talphuric  add  free  finom  water,  in  the  expcri* 
ments  made  to  determine  the  proportions  of  the  princk 
pk»  of  that  add.  The  resukg,  however,  have  been  very 
difloordant ;  but  the  proportions  fixed  by  Klaproth  and 
Withering,  of  67  of  earth  and  39  of  add,  have  been  lately 
confirmed  by  its  analysis  by  Mr  Thomson.  Besides  this 
neutral  salt,  barytes  con  combing  with  an  exce89  of  sal* 
phmjc  add  $  it  forms  a  liquid  that  congeals  into  a  conge- 
ries  of  prisms;  this  is  decomposed,  and  the  neutral  suU 
phate  predpitated,  on  the  affiision  of  water. 

Sulphate  of  Strontites  is  in  the  form  of  a  white 
powder,  insipid,  and  so  very  sparingly  sohiUe  in  water,  as 
to  require,  according  to  Dr  Hope's  experiments,  neatrly 
4000  parts  for  its  solution.  It  combines  with  an  excess  of 
acid,  and  is  rendered  more  sohible  in  water,  and  crystal- 
lizable. 

Sulphate  of  Lime,  long  known  to  chemists  under  the 
names  of  Gypsum  and  Sdenite,  is  one  of  the  saline  substan- 
ces most  abundant  in  nature.  It  forms  entire  beds,  is  di£> 
fused  in  almost  every  soil,  and  is  contained  in  almost  aU 
river  and  spring  water,  giving  rise,  when  the  quantity  is 
considerable,  to  the  quality  of  these  named  hardness.  It 
requires  about  600  times  its  wdght  of  water  for  its  solu- 
tion at  a  mean  temperature.  At  that  of  213  it  is  more 
soluble,  and  this  latter  sdutiqn,  upon  coding  slowly,  de- 
posites  minute  crystals.  Exposed  to  heat  it  appears  to 
effervesce  or  boil,  owing  to  the  expulsibn  of  its  wateri  it 
becomea  opaque,  and  fiUls  into  a  white  powder.  Tliis, 
diffiised  in  water,  ^eedily  consolidates  from  a  qpedes  of 
inr^ular  crystallization.    When  exposed  to  a  more  in* 
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Ume  heaif  k  viinBe»  if  any  other  earth  is  misBed  wkh  h^ 
Heated  on  charooal>  or  by  the  biowpipe,  it  is  paftiaiiy  d»- 
oompofledf  part  of  the  o^gen  of  its  add  being  abstracted. 
Ite  principal  use  is  in  statoitfy,  and  in  the  fomurtioD  of 
plaster  or  stucco  work. 

8ui.PHAT£  OF  Magnesia  is  found  in  sea-water,  and  in 
many  nnneral  waters^  md  is  usii^y  extracted  from  the 
brine  of  sea-water.  Bittern  as  it  is  named,  this  being  boil- 
cd  dowat  until  it  affiird  the  sulphate  of  magneua,  on  cool- 
ing) in  acicular  cryatab;  or  su^^te  of  iron  is  added,  the 
sulphuric  acid  of  which  combines  with  the  magnesia  of  the 
muriate  of  magnesia,  and  increases  the  cfouitiiy  of  sdt- 
phate.  Obtained  in  this  way,  it  exhibits  a  confused  mass  of 
needle-like  crystals,  which  ore  deliquescent,  but  this  is 
owix^  to  the  adouxture  of  muriate  of  magnesia,  as  the 
pure  sulphate  is  rather  efflorescent.  By  slow  evaponitioii 
of  its  sdtttion,  it  crystallizes  in  quadrangvhr  prims  aca- 
minated  by  four  planer-  These  ciystak  are  sotabk  m  11%- 
lie  more  than  their  own  weight  of  water,  at  the  tempem* 
tore  of  60^»  and  in  three-fourths  of  their  weight  of  boilmg 
water.  They  undergo  the  wateiy  fiifflon  at  a  veiy  mode- 
rate temperature,  and  the  dry  mass  which  remains  k 
mdted  in  a  strong  heat,  but  is  not  decomposed.  Tlie 
iaste  of  this  salt  is  very  bitter,  and  the  bitterness  of  aea- 
-¥irateR  and  many  mineral  springs  is  owing  in  part  to  its 


Sulphate  op  Abgii^  formed  by  dissolving  tlie  earth  in 
sulphuric  axad,  crystallizes  triien  th^e  is  no  cxce8S.<^  acid» 
in  scales  white  and  of  a  pearly  lustre,  which  alter  littk  by 
ocpoanra  to  the  air :  its  taste  isastcingent :  it  isvery  sohibie 


OF  SULPHURIC  ACID.  421 


in  water :  wlien  exposed  to  beat,  its  water  of  cryBtaflizatioii 
is  dissipated,  and,  by  a  stronger  best,  its  acid  is  expdled. 
When  there  is  an  excess  of  acid,  the  compound  crystal- 
lizes with  more  difBculty,  as,  on  evi^xMration,  it  assumes  a 
gelatinous  consistence.-  Small  brilliant  crystals,  faowevery 
arc  formed  in  it. 

The  salt  known  by  the  name  of  Alum  is  a  ternary  com^ 
pound  of  argil,  potash  and  sulphuric  acid ;  sometimes  even 
ammonia  enters  into  the  conqK>sition,  and  th^e  is  always  an 
excess  of  sul})huric  acid ;  its  composition,  as  stated  by  Th^ 
nard,  being  26  of  acid,  12.5  of  argil,  10  of  potaidi,  and  51.4 
of  wat^  of  crystiiOizatwn,  frequently  with  a  little  sulj^ate  of 
iron,  which  is  to  be  regarded  as  an  impurity.  It  is  often 
a  natural  product,  occurring  effloreso^it  in  the  layers  of 
what  has  been  named  Alum  Slate ;  and  it  is  also  formed 
by  an  artificial  process,  from  what  k  named  Alum  Ore  { 
this,  which  appears  to  be  a  variety  of  slate,  bang  caldned^ 
and  afterwards  exposed  to  the  atmosphere  in  a  humid 
state.  The  saline  matter  is  extracted  by  lixiviation,  and 
when  a  little  potash  has  been  added,  alum  is  obtained  by 
crystallization.  The  alum  of  commarce  is  in  large  masses, 
white  and  tran^arent.  When  regularly  crystallized,  the 
form  of  the  crystals  is  an  octaedron.  It  is  soluble  in  15 
pai'ts  of  cold,  and  in  two  parts  of  boiling  water :  its  cry- 
stals arc  slight^  efflorescent :  its  taste  is  sweetie  and-as^ 
tringent.  Its  solution  reddens  the  vegetable  colours. 
When  exposed  to  a  moderate  beat,  it  mdts,  6^om  the  wa« 
ter  of  crystallization  which  it  contains  dissolving  the  scdid 
salt ;  this  soon  evaporates,  aad  leaves  a  light  white  pow* 
der,  named  Burnt  or  Calcined  Alum.    By  a  stroxig  beat^ 
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the  acid  is  partly  expeUed,  partly  decomposed,  a  quantify 
of  oxygen  being  afforded  by  its  decomposition.  This  salt 
is  decomposed  by  the  alkalis,  and  by  barytesi  lune,  and  mag- 
nesia, which  attract  the  greater  part  of  the  acid,  and  pre- 
cipitate the  earth  with  a  small  quantity  of  acid  comlnned 
With  it  It  is  also  decomposed  when  exposed  to  heat  wiA 
carbonaceous  matter. 

A  decomposition  of  this  kind,  in  which  a  large  propor- 
tion of  carbonaceous  matter  is  used,  affords  a  very  pecu- 
liar product,  distinguished  by  burning  spontaneously  on 
exposure  to  the  air.     This  substance,  named  Pyrophorusy 
is  prepared  by  exposing  to  heat  in  an  iron-pot,  three  parts 
of  alum,  with*  one  part  of  flour :  the  mixture  liquefies,  and 
is  to  be  stirred  constantly  till  the  whole  becomes  grey,  and 
easily  reducible  to  powder  while  hot    The  coarse  powder 
is  put  into  a  coated  phial,  so  as  nearly  to  fill  it,  and  ibis, 
slighdy  stopped  with  clay,  being  surrounded  with  sand  in 
a  crucible,  is  exposed  to  a  red  heat,  until  a  blue  flame  ap- 
pears at  the  mouth  of  the  phial :  when  this  has  continued 
ten  minutes,'  the  crucible  is  removed  firom  the  fire,  and 
the  phial,  when  sufiiciently  cold,  is  accurately  stopt. 

This  substance  inflapies  in  atmospheric  air,  especially 
in  a  moist  atmosphere.  It  burns  brilliantly  in  oxygen 
gas,  in  nitrous  gas,  and  oxymuriatic  acid  gas,  and  is  in-r 
flamed  by  sulphuric  and  nitric  acids.  With  regard  to  the 
theory  of  its  combustibili^,  it  has  been  proved,  that  in 
order  to  form  it  the  alum  must  contain  potash ;  the  sul- 
phuric acid  is  decomposed  by  the  ^carbonaceous  vegetable 
matter,  and  a  portion  of  sulphur,  which  is  its  base,  is  sup- 
posed to  combiiie  with  the  potash,  and  form  a  sulphuret. 
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vihidi  is  intimBidiy  difiused  dirough  the  argillaceons  earth* 
There  likewise  remains  a  quantiQr  of  charcoal  in  the  same 
intimfite  mixCiire,  and  perfecdy  diy.  When  exposed  to 
the  air>  moisture  b  absorbed  by  the  sulphuret^  by  which 
the  tjcmpcrature  is  raised :  the  snlphur  is  enabledj  by  a  dis- 
posing attraction  exerted  by  the  pota^,  to  absorb  osy- 
g^ :  it  is  inflamed,  and  kindles  the  dry  carbonaceous  mat- 
ter, the  inflammation  being  facilitated  by  their  extreme 
division^  froi^  tji^eir  intimate  mixture  with  the  argillaceous 
ieartli,  and  the  extensive  surface  they  thus  present  to  the 
air.  Mr  Davy  has  supposed,  that  a  portion  of  the  potash 
may  even  be  decomposed  by  the  joint  action  of  the  sul- 
phur and  charcoal,  and  potassium  produced,  po  which  th« 
cpmfoustibility  may  be  principally  owiqg. 

Alum  is  used  in  a  v^ety  of  arts.  It  hardens  tallow : 
it  increases  the  adhesive  power  of  the  farinaceous  pastes : 
it  renders  water  clear,  which  is  turbid  from  the  admixture 
of  earthy  particles^  aiidit^ii  Qne  of  the  piost  essential 
articles  in  t}ie  ar(  of  dyeing,  fixing  t)ie  cplours,  and  often 
adding  to  their  brpliai^cy.  It  is  used  in  medicfne  a^  a 
powerhd  astringent. 

The  other  sulphates  have  been  litt|e  ei^unlped*  Sul- 
fHAT^  QF  ZiKcoN  is  jusipid  an4  insoluble*  Sulphate  of 
Glucine  is  difficultly  crysta}lizablei  i^  taste  is  saccharine 
and  astringent ;  it  is  very  soluble  ifi  water,  its  solution  as- 
-sumipg  by  concjE^tration  the  consistence  of  .a  syrup. 
Sulphate  of  Itteia  crystallizes  in  small  brillia|it  grains* 
of  a  rhomboidal  form,  and  of  a  colour  inclining  fo  aoif^ 
(hyst  fed.    Their  taste  is  sweet  and  astringent^. 
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Tlie  renuunii^  cootbiiifttioiis  of  snl^ihiiric  add  ftU  to  be 
considered  under  the  historjr  of  the  substances  to  idhiiih 
tbey  belcHig.  The  acid  itself  is  of  ext«Bsive  use.  It  is  one 
of  the  most  impoitant  agents  in  chemical  inTestigatioes, 
either  by  the  affinities  it  exerts,  or  by  the  oxygen  it  com- 
mimicates.  In  the  arts  it  is  nmdi  employ^,  as  iu  Ueach- 
ing;  in  some  of  the  processes  of  dyeing;  in  metaBui;^ 
qperationS)  and  in  the  preparadon  of  neatral  salts. 


Sect.  III. — CtfSnAfhurem  Add, 

SiTLPHUROCS  add  is  formed  in  the  lAow  combustion  of  sul? 
phur,  but  it  is  mixed  with  a  little  sulphuric  acid,  «id  to  ob- 
tain it  pure,  the  process  foiowed  is  to  decompose  saiflbxaie 
add  by. the  ac^aon  of  substances  which  pMtii%  abidraet 
its  oxygen,  and  which  dp  not  form  an  aeriform  product* 
The  metals  produce  such  a  decomposition,  and  quidEsiker 
or  tin  affinds  the  purest  product*  One  part  of  dther  is  pof 
into  a  retort,  with  two  parts  pf  sulphuric  acid;  heat  is  ap« 
plied  by  a  lamp ;  the  metal  attracts  partof  the  oxygen  of 
the  acid,  and  the  sulphurous  add  gas  is  disengaged. 
iSeing  absorbed  by  water,  it  is  received  over  mercuiy. 

The  composition  of  sulphurous  acid  has  heea.  stated  at 
85  sulphur  and  15  oxygen.  Dr  Thomson,  from  a  series 
of  experiments  on  the  compounds  of  sulphur  and  oxygen, 
.gives,  as  the  proportions,  sulphur  68,  oxygen  32. 

This  acid  exists  in  the  state  of  gas ;  but  it  has  been  re- 
duced  to  the  liquid  state  by  the  application  of  intense  cdd. 
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and  strong  pfieBSiire.  In  its  usual  state  its  epedfic  grsvitf 
is  OiOOiSl^  or  it  is  more  than  twice  as  heavy  as  atmosphe* 
ric  air.  It  has  a  suffocating  pungent  odour,  proves 
ipeedily  fittal  to  fife,  and  instantly  extinguishes  combus* 
tion^ 

It  is  easi^fr  absorbed  by  water,  100/ grains  of  water 
taking  up'  8.2  grains,  equal  to  SS  times  its  volume.  The 
solution  has  a  pungent  disagreeable  odour,  and  an  acid 
taste.  It  reddens  some  of  the  vegetable  colours,  wfaOe 
there  are  o&ers,  however,  the  ccrfour  of  which  it  destroys. 
From  the  Application  of  a  moderate  heat,  the  greater  part' 
of  the  gas  is  expeUed,  though  the  liquor  remains  acid, 
from  the  presence  of  sulf^uric  acid.  It  is  singular  that  it 
is  not  expelled  by  fi^eezmg ;  it  remuns  combined  with  the 
ice,  and  renders  it  so  heavy  that  it  sinks  in  water. 

The  liquid  sulphurous  acid  slowly  absorbs  oxygen  from 
the  atmosphere,  and  is  converted  into  su^uric  acid.  If 
they  are  mixed  even  in  the  gaseous  state,  if  a  small  por- 
tion of  water  is  introduced,  they  gradually  combine.  "By 
passing  a  mixture  of  oxygen  gas  and  sulphurous  acid  gas 
through  a  tube  heated  to  redness,  sulphuric  acid  is  also 
formed.  Hydrogen,  at  the  temperature  of  ignition,  at- 
tracts its  oxygen.  Charcoal,  at  the  same  temperature, 
produces  in  it  a  similar  change,  and  sulphur  is  deposited. 
It  is  not  decomposed  by  phosphorus,  and  it  acts  feebly  on 
the  fl^etak. 

This  acid  comUnes  with  fiieiUty  with  the  alkalis,  form^ 
ing  saks  denominated  Sulphites,  which  difier  considerably 
from  the  sidts  formed  by  sul{dmTic  acid.  Their  taste  is 
sulphureous ;  they  are  decomposed  by  a  high  tempera- 
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tare,  and  by  the  greater  numbar  of  the  adds.  Ibe  aflca- 
line  sulphitea  are  more  soluble  than  the  sidphatea  in  water, 
the  earthy  su^hites  less  so.  AH  these  salts  are  converted 
into  su^idiates  by  exposure  to  the  atmofipheric  air,  or  I7 
ibe  action  of  any  substance  capable  of  affording  them  017- 
gen.^    They  scarcdiy  require  individual  notice* 

SuLPHFTE  OF  PoTASH  is  obtained  in  crystak,  white  said 
transparent,  of  a  rhomboidal  figure,  or  in  the  form  of 
small  i^eedle8>  soluUe  in  an  equal  weight  of  water  at  a 
mean  tempeirature,  and  in  a  les^  quanti^  of  hot  waterd — 
Sulphite  of  Sooa  is  white  and  tranqparent,   aolnUe  ki 
four  parts  of  water,  more  soluble  in  warm  water ;  and  the 
sofaition,  on  cooling,  affords  crystals  of  a  prismatic  Sonsu 
—Sulphite  of  Amk oni  a  requires  less  than  its  own  wei^t 
of  boiling  water  for  its  solution,  and  the  solation  ciystal* 
lues  o»  cooUng ,  its  ciystals,  being  six^ded  prittM^  wiite 
and  transparent. — ^Sulphites  of  Barytes  and  Abgix, 
are  insoluble ;  those  of  Lime  and  Magnesia  solnble  and 
cxystaDizable. 


Sect.  IV. — Of  Stilphureifed  Hydrogen^  and  other  Cem* 
pounds  of  Sulphur  and  Hydrogen, 

Sulphur  appears  to  combine  with  hydrogen  in  variocs 
proportions.  The  compound  best  known  is  an  daatic 
fluid,  which  has  received  the  name  of  Sulphuretted  Hy*- 
drogen.  There  appears  to  be  another  with  a  larger  pro- 
portion of  sulphur,  whi^h  may  be  luuned  Sqper-sulpba- 
retted  Hydrogen,  and  there  is  even  some  reason  to  believe 
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that  tills  latter  ccmibinadon  maybeestabUshed  in  dififei^it 
proportions. 

1.  Sulphuretted  Hydrogen. — This  compound  is  not 
-easily  formed  by  the  direct  combination  of  its  constituent 
principles,  but  is  obtained  by  indirect  processes,  in  whidi 
the  hydrogen  is  presented  to  the  sulphur  in  a  condensed  or 
nascent  state.  That  which  afibrds  it  with  most  facility  is 
the  action  of  diluted  muriatic  acid  on  a  sulphuret  of  iscoi^ 
prepared  by  combining  by  fiision  one  part  of  sulphur 
with  three  parts  of  iron.  The  acid  diluted  with  four  parts 
of  water  acts  on  this  compound,  by  a  resulting  affinity ;  k 
enables  the  iron  of  the  sulphuret  of  iron  to  decompose  the 
water,  by  attractii^g  its  oxygen ;  the  hydrogen  is  disen* 
gaged,  and  being  presented  in  its  nascent  state  to  the  sut 
phiu*  of  the  sulphuret,  combines  with  it,  and  forms  the 
sulphuretted  hydrogen,  which  passes  into  the  elastic  form* 
It  is  also  procured,  but  in  less  quantity,  and  with  mora 
difficulty,  from  the  action  of  muriatic  acid  on  the  com- 
pounds which  sulphur  forms  with  aliuiline  bases. 

The  specific  gravity  of  sulphuretted  hydrogen  gas  is 
1.36;  compared  with  atmosplieric  air  it  is  as  1142  to 
1000*  100  cubic  inches  of  it  weigh  33  grains,  or  accord- 
ing to  Mr  Davy  35  grains.  Its  smell  is  extremely 
fetid  and  peculiar.  It  extinguishes  combustion,  and 
is  inci^aUe  of  supporting  animal  life.  It  is  absorbed 
by  water,  the  water  ta£ing  up  more  than  its  volume,  or 
100  cubic  inches  absorbing,  according  to  Mr  Henry,  (08, 
and  acquiring  from  this  impregnation  the  fetid  smell  of 
the  gas,  and  a  nauseous  taste.  It  is  colourless  and  tran- 
sparent,  but  becomes  turbid  from  exposure  to  the  ntmosv 
phere. 
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In  its  elastic  state^  sulphuretted  Iq^drogen  does  not  com- 
bine with  oxygen  at  low  temperatures ;  but  if  placed  over 
water,  their  mutual  action  is  facilitated  by  its  medium, 
the  oxygen  oombines  with  the  hydrogen,  and  a  thin  de^ 
posite  of  sulfdiur  ia  formed.    At  the  temperature  of  igni- 
tion the  combination  is  more  ri^id.    If  the  su^uretted 
hydrogen  gas  be  kindled  in  contact  with-  the  atmospheric 
air,  it  bums  with  a  blue  lambent  flame.     When  previous- 
ly mixed  with  one  or  two  parts  of  atmospheric  air,  it  does 
not  detonate,  and  the  combustion  erf*  its  elements  is  not 
complete,  part  of  the  sulphur  being  deposited  on  die  aides 
of  the  vesseL    When  mixed  widi  an  equal  volume  ol  oxy* 
gen  gas,  and  kindled,  it  inflames  with  detonation,  the 
products  being  watery  vapour  and  si^fdiurous  acid.  It  is  de- 
composed by  the  action  of  some  other  gases,  widcb  aSbrd 
to  it  oxygen,  as  by  sulphurous  acid,  and  nitric  oxide  gas, 
Ihe  oxygen  combining  principally  with  its  hydrogm,  and 
sulphur  being  dqpoaited  :  oxy*muriatic  add  gas  Bkewise 
causes  a  precq>itation  of  sulphur.     From  die  resuha  of 
these  decompositions,  Thenard  infennd,  that  it  is  a»npo- 
sed  of  70.9  of  sulphur,  with  29  A  of  hydrogen.     Mr  Davy 
has  assigned  as  the  prq)ortions  2J27  of  hydrc^en,  and 
32.73  of  sulphur. 

Sulphuretted  hydrogen  exerts  a  peculiar  action  on  the 
metals.  It  tarnishes  them  quickty,  or  communic&tes 
shades  of  ydlow,  brown  or  purple,  with  a  diminution  of 
metallic  lustre.  It  deepens  the  colour 'of  their  oxides,  and 
if  added  to  metallic  solutions,  it  produces  a  precq>itate  oi 
the  metallic  oxide  or  of  the  metal  in  combinatiicm  vnA 
the  sulphur,  generally  of  a  dark  shade. 
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Sulfkhuretled  hydrqgen  ocmdiiaei  witk  the  alkalia  and 
earths,  and  displays  in  these  oombku^ansy  powert  similar 
to  those  of  an  acid  ^  it  neutraliees  the  alkalme  {wopertiea^ 
«d  fenns  compounds  capable  of  ny-rtdliz^ 
pnq)erties  aaalogQiia  to  tliose  of  neatml  salts.  Arid  molt 
only  has  it  these  powa:s ;  it  possesses  the  most  distiiiQtiFe 
character  of  soi  acid  in  an  insulated  slate,,  tfaait  of  redden- 
ing  the  vegetaUe  cobmrsy  at  least  of  the  cokmr  of  litaaiis 
or  radish. 

If  this  substance,  therefore,  beaeompooadofsiilphar 
and  hydrogen,  it  forms  an  eaoeepticm  to  the  nniversalily 
ci  the  proposition,  diat  oxygen  is  the  principle  of  adkii^t 
and  affords  an  examplewof  an  add  contaiBiBg  no  oi^gcn. 
To  obviate  this  conclusion,  it  has  been  sopposed  thai 
oxygen  may  exist  in  its  compoBition,  and  it  has  been  roi* 
marked,  that  its  analysis  nerer  has  been  executed  with 
that  accuracy  which  predtides  this  supposition,  the  pro« 
portions  of  its  elements  always  having  been  inferred -finom 
experiments,  in  which  the  proportion  of  sulphur  only  was 
determined,  mud  the  remaining  matter  having  been  sup* 
posed  to  be  entirdy  hydrogen,  thou^  for  any  thing  that 
the  analysis  establishes  it  mi^bt  be  partly  oxygen.  And 
in  all  the  case$  of  its  formation,  there  are  obvious  sour- 
ces whence  oacygen  might  be  abundantly  suj^Uedi  Hiis 
vieviF  of  the  coastitution  of  this  oompomid  appeared 
to  be  established  by  the  results  of  the  action  of  po« 
tassium  on  it,  Mr  Davy  havii^  found,  that  when 
this  substance  is  heated  in  sd^dmretted  hydrogen,  pre- 
vioualT  freed  from  monture  by  the  action  of  muriate 
cf  lime,   it  bams  with  a  briUiant  £bme;    the  gas  was 
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changed  in  its  qualities^  being  rosphed  principdly  intr 
bydrogon ;  the  potomum  had  combined  principally  with 
the  gnlphur,  and  from  the  products  obtained  by  the  ac^ 
tion  of  mmriatic  acid  on  this  compound,  Mr  Davy  infer^ 
sed  that  it  did  not  ocaisist  of  the  potassium  combinecf 
with  pure  combustible  matter,  but  contained  oxygen. 

He  has  since,  however,  found  reason  to  caU  this  oonchi- 
skm  in  quesdon,  and  of  course  there  is  no  direct  evidence 
of  the  existence  of  oxygen  in  sulphuretted  hydrogen  $  for 
die  evohition  of  heat  and  light,  which  accompanies  the. 
action  of  potassium  on  sulphuretted  hydrogen,  may  aria^ 
merdy  finom  the  intensity  of  chemical  action*  Still  there 
is.  nothing  to  preclude  the  supposition,  and  on  the  dieoiy, 
that  oxygen  alone  is  the  principle  of  acidity,  analogy 
would  be  in  favour  of  it.  Or,  if  the  other  view  which  I 
have  already  given  of  the  theory  of  acidi^,  (page  SS4), 
that  it  is  a  property  derived  from  combustible  bases,  de« 
vdoped  only  by  substances  which  render  these  bases  sdu* 
Ue  and  active,  it  may  be  admitted,  as  remarked  under 
the  statement  of  that  theory,  that  hydrogen  may  have  this 
effect  as  well  as  oxygen,  and  that,  therefore,  sulphuretted 
hydrogen  may  display  acid  powers,  though  no  oxygen  es> 
isis  in  its  composition. 

The  compounds  of  sulphuretted  hydrogen  with  the  al- 
kahne  or  earthy  bases,  are  formed  by  transmitting  it  in 
its  elastic  form  through  water,  in  which  they  are  dissolved 
or  suspended,  continuing  the  truksmission  until  they  are 
saturated.    They  are  named  Hyilro-sulphurets.'    TlMy 

■ 

,  SBre  soluble  in  water,  and  crystaUizable ;   their  sohitioDS 
ar^  colourless,  while  the  air  is  excluded,  but  when  it  is  ad« 
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ffiittecU  th^  become  turbid  firom  decompositioii ;  the  oxy- 
gen of  the  air  combining  with  the  hydrogen,  a  portion  <^ 
tsulphur  is  deposited)  and  another  portion^  if  the  exposure 
be  oondnued  sufficiently  long,  combines  with  oxygen, 
fiuming  sulphuric  acid.  They  are  decomposed  by  the 
acids,  su^huretted  hydrogen  being  disengaged  i  and  they 
precipitate  of  a  dark  colour  metallic  solutions* 

Htdro^ulphur£t  of  Potash,  obtained  by  the  shave 
process,  is  in  prismatic  ctystals,  white  and  transparent ;  its 
taste  is  bitter  and  alkaline  j  it  is  inodorous  when  dry,  but* 
becomes  fetidj  if  moistened.  It  attracts  humidity  from 
the  air,  is  soluble  both  in  water  and  alkohol,  and  when 
acted  on  by  acids,  gives  out  a  considerable  quantity  of 
stt^uretted  [hydrogen.— Hyoro-sulphubet  of  Soda  is 
also  of  a  white  colour,  transparent,  crystaJQized  in  tetrae* 
dral  prisms,  acnminat^  by  four  planes.  Its  taste  is  at 
first  aorid  and  alkaline^  soon  becoming  esctremely  bitter. 
It  dissolves  abundantly  in  water,  and  produces  cold  in  dis* 
solTing :  its  solution  is  colourless,  but  gives  a  green  tii^ 
to  pa|ier :  it  has  a  smell  of  sulphuretted  hydrogen.  Acids 
produce  with  it  a  brisk  effisrvescoice,  and  render  tfail 
odour  very  strong;  but  they  do  not  render  the  liquid  tur* 
lad.  The  nitrous  and  oxy-muriatic  acids,  however,  pro- 
duce a  precipitate  of  sqlphur. — Htdro-sulfhurkt  of 
Ammoxia.  This  compound  is  formed  by  the  direct  com- 
bination of  its  princtples  in  their  aerial  form,  a  thin  soft 
dqpoaite  being  finrmed  on  the  sides  of  the  vessel,  which 
exhales  a  penetrating  vapour  when  exposed  to  the  air. 
Another  combination  is  obtained,  by  transmitting  sulphu* 
retted  hydrogen  through  liquid  ammonia,  the  liquid  ac« 
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quiring  a  ydlowlA  green  coloiur,  and  fetid  odour.  Ano- 
ther combination  long  known  to  chemists,  by  the  name  d 
Fuming  Liquor  of  Boyle,  is  prepared,  by  expostng  to 
h^at  in  a  retort  a  mixture  of  sulphur,  lime^  and  muriate 
of  ammonia;  a  liquor  distils  over,  of  a  jeDonr.  ooloor, 
which  has  a  sharp  fetid  odour,  and  exhales  white  vapouf& 
It  varies  considerably  in  the  proportions. of  itaoonstituent 
parts» 

Hyoao-auLFHu&ET  or  Barytes  is  formed  by  trans- 
mitting  sulphuretted  hydrogoi  gas  throu^    water,  is 
which  barytes  is  suiqpended  i  h  is  abmidantly  soluble:  and 
when  barytes  and  sulfur  are  boiled  together  in  water, 
the  barytes  renders  sdnble  about  one-£>nrth  of  its  wej^ 
of  snlfdiurt  and  a  sofaition  is  formed  of  a  yeDowidi  red  co- 
lour,  which,  when  concentrated,  deposites  crystals  of  the 
form  of  hexaedral  prisms.  These  according  to  Berthoifet 
consist  of  hydro-sulphuret  of  barytes,  without  any  exce« 
of  sulphur.     They  give  out,  when  acted  on  by  an  acid,  a 
large  cpiantity  of  su^huretted  hydrc^en.   They  are  wholes 
tranq>arent9  and  of  a  silky  lustre^    A  similar  result  is  ob- 
tained from  ei£ber  of  these  processes  with  Strontites  ;  aad 
it  is  probaUe  that  the  compound  is  of  the  same  natarc 
HyDHOrSULPHURET  OF  LiM£  Can  be  &mied  by  transmitp 
ting  sul^hureCted  hydrogen  gas  through  water  in  whidi 
lime  is  suspended*    The  compound  is  capable  of  crystal- 
lisang.in  prisms:  it  is  soluble  in  water;  the  sohition  ii 
without  coloor,  but  has  a  fetid  smcU.     Sulphuretted  hy- 
drogen transmitted  through  water  in  which  magnesis  is 
suspended,  dissolves  a  small  quantity  of  it.    Its  relatiotis 
to  the  other  earthy  have  not  been  examined* 


:j*^- 
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II.  Super-sulphuretted  Hydrogen. — Besides  the 
compound  of  sulphur  and  hydrogen,  which  forms  sulphu- 
retted hydrogen,  they  appear  to  combine  in  other  propor- 
tions, so  as  to  form  different  compounds.  One  of  this 
kind  is  in  particular  formed  by  the  action  of  alkaline  sul- 
phurets  on  water ;  it  was  observed  by  Scheele,  and  after- 
wards by  BerthoUet.  It  has  been  named  more  peculiarly 
Super-sulphuretted  Hydrogen,  and  by  some  chemists  Hy- 
droguretted  Sulphur. 

If  a  large  quantity  of  muriatic  acid  be  added  to  a  solu- 
tion of  an  alkaline  sulphuret;  or  if  small  quantities  of  the 
solution  be  poured  into  the  acid,  a  little  'sulphuretted  hy-? 
drogen  gas  is  disengaged,  part  of  the  sulphur  is  precipita- 
ted, but  a  ^  portion  exists  combined  with  the  remaining 
sulphuretted  hydrogen,  forming  a  liquid  which  has  the 
appearance  of  oil,  of  a  yellow  or  reddish  colour,  and  which 
jBoon  subsides  to  the  bottom  of  the  vessel.  This  is  what 
has  been  named  Super-sulphuretted  Hydrogen. 

It  has  .be^i  little  examined  in  its  insulated  state,  and  in- 
deed it  is  not  easily  submitted  to  much  chemical  examina- 
tion, as  it  is  extremely  susceptible  of  decomposition.  Sul- 
phuretted hydrogen  escapes  from  it  even  at  moderate  tem- 
peratures, and  it  is  also  decomposed  by  tlie  action  of  the 
air.  In  its  action»  however,  oh  the  alkaline  and  earthy 
bases,  it  forms  combinations  of  some  interest  and  impor-* 

tance- 

These  compounds  ^re  obtained  by  boiling  an  alkaline 
or  earthy  hydro-sulphuret  with  an  additional  proportion 
»(  sulphur.    They  are  also  formed  merely  by  boiling  sul- 
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phur  with  an  earth  or  alkali  in  water,  or  by  previous^ 
combining  the  sulphur  with  the  earth  or  <  alkah  by  fuAm, 
and  then  dissolving  this  in  water.    In  eidier  cafls»  a  de* 
composition  of  part  of  the  water  is  produced ;  its  oasygen  is 
attracted  by  a  portion  of  the  sulphur  and  solpfauiic  acid 
formed,  which  is  saturated  by  the  requisite  propoitkm  of 
the  alkaline  or  earthy  base.    The  hydrogen  of  tfe  deoom* 
posed  water  unites  with  the  r«naining  sulphur,  and  with 
it  and  the  rest  of  the  base  forms  a  ternary  oompoond  so- 
lublc  in  water ;  and  as  there  is  in  the  liquor  a  great  CKceis 
of  sulphur,  the  combination  established  is  not  lliat  wliich 
constitutes  sulphuretted  hydrogen,  but  is  siiper-ani^ibuiet- 
ted  hydrogen.     It  is  probable  even  that,  aooording  to^dbc 
relative  proportions  of  the  sulphur  and  afluli,  Ae  deoom« 
position  of  the  water  may  take  place  to  a  greater  or  Jess 
extent,  and  that  these  compounds  may  therefore  vary  in 
the  proportions  of  their  constituent  principles.    They  are 
accordingly  of  diiFerent  shades  of  colour,  from  reddish-yc^ 
low  to  a  yellowish-green,  and,  what  is  a  more  direct  proof 
of  this,  when  they  are  decomposed  by  an  acid,  th^  affi>rd 
variable  quantities  of  sulphur  by  precipitation.     The  pre* 
sence  of  the  small  portion  of  sulphate  that  is  produced  in 
their  formation  does  not  i^ear  materially  to  modify  their 
properties.    They  may  be  named,  from  the  nature  of  their 
compositipn.  Sulphuretted  Hydro-sulphurets.   The  naiae 
of  Hydroguretted  Sulphur  having  been  given  to  that  com* 
pound  of  sulphur  and  hydrogen  in  which  sulphur  prcdo>- 
minates,  and  this  being  the  compound  which  they  cootain,* 
they  have  been  named  Hydroguretted  Sulphurets  5  but  the 
name  is  so  harsh  that  it  can  scarcely  be  adopted,  and  the 


HYPROGEK.  4S5 

other>  wi&out  being  liaUe  to  tbis  olgectioni  very  well  ex* 
presses  their  constitution,  and  the  di£Perence  between  them 
and  the  hydro-imlphurets. 

These  liquors  are  transparent,  of  a  yellow  colour  more 
or  les$  deep,  and  of  different  tints.  Their  smell  is  slight** 
ly  fetid ;  tbgr  appear  to  be  liable  to  spontaneous  decom« 
position  from  the  re-action  of  their  elem^xts ;  they  are 
immediately  decomposed  by  the  addition  of  an  acid,  which 
neutralizes  the  base,  precipitates  the  greater  part  of  the 
sulphur,  and  disengages  the  hydrogen  combined  with  a 

-  portion  of  sulphur  in  the  state  of  sulphuretted  hydrogen. 
Where  the  alkaline  liquor  has  been  largely  impregnat- 
ed with  sulphur,  the  quantity  of  sulphuretted  hydrogen 
disengaged  is  extremely  small,  so  that  there  is  no  sensible 
efferrescence.  .  The  precipitated  sulphur  is  of  a  pale  or 
white  colour,  either  from  its  state  ^f  aggr^ation  or  com* 
bination  with  water.  Tt  contains*  according  to  Berthol- 
let,  a  portion  of  hydrogen. 

The  facility  with  which  these  cc»npounds  combine  with 
oxygen  forms  their  most  important  chemical  property.  If 
exposed,  either  to  pure  oxygen  or  to  atmospheric  air,  the 
oxygen  gas  is  absorbed,  and  the  liquor  continues  to  exert 
this  action  until  nearly  the  whole  of  the  su^hur  it  contains 
is  converted  into  sulphuric  add,  and  it  becomes,  of  course, 
a  solution  of  the  sulphate  of  the  alkali  or  earth  with  whidi 
the  sulphur  had  been  combined.    This  fiidjity  of  combi- 

^  nation  appears  to  be  owing  partly  to  the  sulphur  being  in 
the  liquid  state,  whence  the  resistance  that  is  opposed  by^ 
its  cohesion  in  its  usual  form  to  its  combination  with  oxy- 
gen does  not  operate;  and  partly  to  the  alkaline  or  earthy 

£e2 
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base,  by  a  resulting  affinity  promoting  the  ocmibuultion  of 
the  sulphur  and  oxygen. 

From  this  power  of  absorbing  oxygen.gas,  these  liquors 
have  been  ^plied  to  the  purpose  of  eudxometry»  and  they 
afibrd)  on  the  whole,  one  of  the  best  eudiometers.     The 
liquor  employed  has  been  either  the  sulphuretted  hjdro- 
sulphuret  of  potash  or  of  lime ;  the  latter  being  easily  pre- 
pared in  a  hi^  state  of  concentration,  is  preferred.     It  is 
obtained  by  boiling  equal  weights  of  lime  and  suj^ur  in 
10  or  12  times  their  weight  of  water.     When  a  tube  con- 
taining atmospheric  air  is  placed  in  a  portion  of  this  li- 
quor,  the  oxygen  of  the  contained  air  is  gradually  absorb- 
ed, and  the  Uquor  rises  within  \  and  if  the  tube  has  been 
graduated,  the  quantity  of  oXygen  abstracted  is  indicated. 

This  method  of  operating,  however,  has  the  disadvan- 
tage of  slowness ;  the  hquor,  from  the  smalhiess  of  the 
surfi^e  in  contact  with  the  air,  ahsorhing  the  oxygen  on- 
ly very  gradually,  and  a  considerable  time,  too,  bang  r^ 
quired  to  mark  when  the  absorption  has  become  complete. 
It  is  of  importance,  therefore,  to  accelerate  the  operation, 
and  the  apparatus  which  Dr  Hope  employs  does  so  with 
every  advantage.     It  consists  (fig.  21.)  of  a  small  bottle 
designed  to  contain  tlie  sulphuretted  solution ;    to  the 
mouth  of  this  is  accurately  adapted  by  grinding,  a  ttibe 
divided  into  100  equal  parts,  and  towards  the  bottom  of 
the  bottle  is  ah  orifice  fitted  with  a  stopper.     The  botde 
being  filled  with  the  solution,  and  its  orifice  being  covered 
with  a  flat  plate  of  glass,  it  is  placed  under  the  sur&oe  of 
water,  and  the  graduated  tube  containing  the  ur  sul^ect* 
ed  to  trial,  is  inserted  into  it.    The  apparatus  is  removed 
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firom  the  water,  is  indined  so  as  to  allow  part  of  the  liquor 
to  flow  into  the  tube)  and  agitated  strongly.  It  is  replaced 
in  the  water,  and  the  stopper  at  the  under  orifice  with- 
drawn, when,  firom  the  absorption  of  the  oxygen  of  the 
air,  a  quantity  of  water  rushes  in.  The  stopper  is  again 
introduced,  the  agitation  renewed,  and  the  operation  is  re- 
peated  until  the  absorption  proceeds  no  farther.  The 
amount  of  this  may  be  determined  by  plunging  the  bottle 
with  the  tube  adapted  to  it  into  water,  removing  the  st<^ 
per  of  the  under  orifice,  and  ticking  care  that  the  water 
without  is  at  the  si^ne  level  as  the  liquor  within,  allowing 
it  also  to  stand  for  a  short  time,  that  any  slight  rise  of 
temperature  fi*om  the  application  of  the  hand  during  the 

.    agitation  may  have  cea9ed« 

The  diminution  whieh  atmospheric  air  suffers  wh^n  sub- 
jected to  this  eu^iometiical  method,  is  between  21  aild  22 
in  100.  GaicJtally  speaking,'it  is  to  be  preferred  to  every 
other,  as  of  easiest  execution,  and  liable  to  fewest  errors. 
The  cmly  &llacy  to  which  it  appears  subject,  is  the  absorp- 
tion of  a  small  quantity  of  nitrogen  gas.  If  the  liquor  has 
been  newly  prepared  by  boiling,  and  if  used  without  pre- 
vious exposure  to  the  air,  it  will,  in  common  with  any 
other  watery  Uquid,  absorb  a  portion  of  the  atmospheric 
air  undecomposed,  or  of  it^  nitrogen  as  well  as  of  its  oxy- 
gen, and  the  substances  with  which  it  is  impr^nated  per- 
haps even  render  the  absorption  of  nitrc^n  rather  greats 
er  than  it  would  be  by  pure  water.    Accordingly,  under 

•  these  circumstances,  it  has  been  found  that  nitrogen  is  ab- 
sorbed by  these' liquids ;  but  this  is  easily  obviated,  by  agi- 
tating the  liquor,  if  it  has  been  newly  prepared,  with  aV 
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nMMfpheric  air  before  usiBg  k.    It  fiffther  appens  tbttt 
when  these  liqaors  are  kept  for  a  consideraMe  time  in  oon^ 
tact  with  the  air,  the  coadenBed  nitrogen  condknnes  wkh 
the  hydrogen  of  the  sulphuretted  compouiul,  and  S^rtam 
ammonia;  afresh  portion  of  nitrogen  is  absorbed,  and  tfaia 
'  continues  to  proceed,  so  that  the  diminution  of  volmne  is 
at  length  considerable ;  Scheele,  for  eiuunple,  having  fbund 
it  to  amount  in  atmospheric  to  28  in  100  paitsy  undonbl^ 
edly  from  this  cause.     But,  in  performing  the  experiment 
in  the  above  mode,  this  source  of  fallacy  caimot  operate. 

1%e  properties  of  die  different  compounds  of  this  dass 
with  the  alkaHs  and  alkaikic  earths  are  so  similar  as  to  re- 
quire no  distinct  enumeration.    They  are  al^Mabk  to  vaiy 
*  in. their  state  of  concentration  from  the  rdative  qnantistie 
of  th^r  ingredients;  and  there  is  ako  reason  to  be&ve,  as 
has  been  already  remarked,  that  the  compound  ofev^Aar 
and  hydrogen  which  they  contain,  differs,  frma  diis  cause, 
in  the  proportions  of  its  constituent  principles.    Those  of 
potash,  soda,  ammonia,  barytes,  strontites  and  lime,  may 
be  obtained  highly  concentrated ;  tliat  with  magnesia  is 
less  perfect,  and  contains  much  less  sulphur  disst^ed. 


BEffrnES  these  coinpounds  of  sulphur  and  hydrogen, 
some  odier  products  have  been  obtained  fitcHn  the  action 
of  certam  substances  on  su^liur  which  have  been  siqyposecl 
to  be  formed  of  these  dements.  Lampadius  had  observed 
tlie  production  of  a  substsnce  possessed  of  some  singular 
qudities,  in  sutnnitting  to  heat  a  mixture  of  native  s^i^n. 
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fit  ef  inm  itiih  thnrcosi,  codU  cir  bUummaited  wood ;  and 
the  mme,  or  » tiinilar  product,  ie  obtained  b;  expoaiag  to 
heat  a  mizture  of  SQ^plnir  and  chajrcoat»  or  passing  su^hur 
In  vapour  over  ckarcoal  Ignited  ixi  a  tube.  Lampadiii9t 
from  ita  inflammability  and  volatility,  named  it  AlkcAud  <tf 
Sa^ur .  It  is  liquid,  coteuriessi  or  of  a  greeni$b  tiage  with 
trffioaparency ;  it  has  a  penetrating  odour,  is  highly  volatile^ 
producing  in  ita  spontaneous  evaporation  a  consideralde  de« 
gree  of  cold  ^  it  boils  at  104,  ory  if  the  atmo^haric  pressure 
is  removed,  it  assumes,  at  natural  temperatures,  the  ebstic 
fimn;  it  is  heavier  than  water,  its  s^cific  gravitybdng  1 300} 
it  is  highly  inflanunable,  burns  with  a  bke  flame  and  without 
smoke,  and  affords,  by  its  combustion,  sulphurous  cur  sul-* 
phmric  acid  and  a  little  water.  It  is  soluble  in  water 
thouj^  fiparingly,  and  is  more  abundantly  soluble  in  alko*  i 
hi^  Lampadius  siq^posed  it  to  be  a  compound  of  su^ibur 
and  hydrogen.  Clement  and  Desormes,  on  the  contraryi 
who  examined  its  production,  consader  it  as  a  compound 
of  charcoal  and  sulphur,  and  name  it  Carburetted  Siil* 
phur.  The  determination  of  this  question  with  regard  to 
the  oon^siticm  o£  this  substance  has  occupied  the  attoi- 
tion  of  several  chemists,  and  it  does  not  yet  appear  to  be 
altogether  without  doubt  Clement  and  Desonnea  ob- 
served that  the  charcoal  disappeared  in  the  process  of  ita 
fivmation,  if  a  sufficient  quantity  of  sulphur  were  employ- 
ed, and  that  in  burning  it  gave  a  residuum  of  charcoaL 
The  younger  BerthoQet,  however,  submitting  it  to  e2&ami*> 
•  nation,  found  that  it  dqoosites  no  charcoal  in  its  combusr 
tion,  and  that  in  the  products  no  indication  of  carbonic 
acid  could  be  discovered ;  and  when  decomposed  by  oxy« 
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muriatic  acid,  there  is  alao  no  trace  of  charcoaL  Robiqaet 
assisted  by  Vauquelin,  obtained  the  same  results.     Henoe 
it  maybe  concluded,  that  it  is  a  compound  of  sulphur  and 
hydrogen,  the  hydrogen  being  derived,  according  to  Ber- 
thoUet,  from  both  the  sulphur  and  charcoal.     Mr  Davjr 
has  since  remarked,  that,  from  experiments  made  upoin  it, 
he  finds  it  to  differ  considerably  according  to  the  kmd  of 
charcoal  employed  in  its  formation.  If  this  has  been  imper- 
fectly made,  the  product  affords,  by  combustion,  a  caibo- 
naceous  residuum,  while,  if  the 'charcoal  had  been  wcfi  cal- 
cined, this  could  not  be  observed.     It  appears   on  die 
whole,  therefore,  that  sulphur  and  hydrogen  are  its  AieF 
constituent  principles.  * 

In  the  process  by  which  this  product  is  obtained,  odier 
substances  are  formed,  probably  of  analogous  conadtution, 
thougb  varying  in  the  proportions  of  their  constituent 
principles.     If  little  sulphur  be  employed  the  product  is 
principally  gaseous,  has  the  odour  of  su^huretted  bydnK 
gen,  but  differs  from  it  in  being  less  soluble  in  water.  The 
liquid  obtained  is  even  of  different  degrees  of  density,  ac- 
cording as  the  temperature,  Volatilizing  more  or  less  of  die 
sulphur,  regulates  the  proportions.      And  if  there  be  a 
great  excess  of  sulphur,  a  solid  substance  is  obtained,  whidi 
contains  a  smaller  proportion  of  hydrogen.     It  has  a  la- 
minated texture,  a  specific  gravity  a  little  inferior  to  diat 
of  sulphur,  a  fetid  smell,  and,  when  heated,  gives  out  sul- 
phuretted hydrogen.     It  is  not  impossible,  too,  but  that 
oxygen  may  enter  into  the  composition  of  some,  or  al  of 
these  products. 
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SoXPHUB  combinies  with  the  fixed  alkalis,  and  with  se- 
veral of  the  earths,  forming  su^hurets,  of  which  the  che- 
mical history  remains  to  be  given.  These  compounds  dre 
formed  by  exposing  the  alkali  or  earth,  with  the  due  pro- 
portion of  su^hur,  to  a  moderate  heat  in  a  covered  cruci- 
ble. They  exist  aaly  in  the  solid  form ;  for  when  dissolv- 
^  in  water  new  combinations  are  established  fi:om  the  de^ 
composition  of  the  water,  as  has  been  explained  under  th^ 
preceding  section. 

SuLPHURET  OF  PoTASH  is  formed  by  exposing  to  heat 
in  a  covered  crucible,  equal  parts  by  weight  of  sulphur  and 
dry  concrete  potash  ^  the  compound  melts.     When  it  has 
become  concrete,  it  is  firm  and  brittle,  of  a  dark  reddish- 
brown  colour.     A  similar  combination  is  obtained,  by  ex- 
posing to  heat  one  part  of  sulphur  with  two  parts  of  sub- 
carbonate  of  potash,  but  it  appears  to  be  less  intimate, 
part  of  the  carbonic  acid  probably  being  retained :  its  co- 
lour is  grey  or  green.     Sulphuret  of  potash'  is  inodorous 
while  it  remains  dry;  but  when  moistened  or  dissolved, 
acquires  a  fetid  smell,  firom  the  production  of  sulphuretted 
hydrc^en.     It  is  fiisible,  and  when  exposed  to  a  strong 
heat  in  close  vessels,  a  portion  of  sulphur  is  sublimed  fi'om 
it    From  suffering  a  chemical  change  when  in  a  state  of 
M>lution,  it  is  scarcely  possible  to  discover  precisely  its  pe. 


*\ 
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culiar  agencies.    One  singular  property  beloBgin^  to  h, 
is>  that  when  fiised  with  soBiie  of  the  metals,  with  gold  ibr 
example,  a  combination  is  formed,  which  is  soluble  in  ^nrs- 
ter, — a  fact  observed  by  Stahl,  and  not  yet  Mfy  etuckiated. 
SuLPHURET  OF  SoDA  is  formed  by  the  same  process  as 
sulphuret  bf  potash,  and  has  been  described  as  similar  in 
appearance. — Sul^huket  of  Amkokia  does  moH  essaal^  as 
there  is  no  mode  of  bringing  its  elemeoJts  to  act  on  eadb 
other,  without  the  production  of  sulphuretted  hydrogen.-^ 
SuLFHURKT  OF  Barytcs  IS  formed  by  expoaing  siiJ^hiir 
and  barytes  to  a  red  heat  in  a  covered  orucihie;  die  oqhh 
{k>und  has   a   reddish-^yellow   colour.  —  Sulphobet  or 
STRomrrES  is  formed  by  a  similar  process,  as  i«  ako  lb* 
^ULPHVRET  ov  Lws;  and  in  external  Bffeannce  thqr 
fkre  nearly  the  same. 


S0LPHUR  appears  capable  of  combining  with  the 
of  the  alkalis  and  earths.  Mr  Davy  found  that  it  losites 
with  potassium,  when  they  are  brought  into  contact  in 
tubes  filled  with  the  vapour  of  naphtha^  there  is  a  rsfad 
evolution  of  heat  and  light,  and  a  grqr  snabstaiice  in  i^ 
pearance  like  artificial  sulphuret  of  iion  is  formed.  TUs 
yulphurelted  potassium  easily  inflames ;  it  ia  also  grsdnaDy 
oxygenated  from  exposure  to  the  air,  and  oonverted  buto 
sulphate  of  potash.*  Sodium  and  su^ur  eomUae  vAh 
equal  focility,  intense  heat  and  light  being  disengaged. 
The  compound  is  of  a  deep  grey  colour.  The  plienome* 
na  displayed  in  these  comlHnatioQs  are  smiiar  to  diose 
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#liidi  stteftd  thd  cottibiiiatioiis  of  su^hiir  with  the  me* 
tab  $  and  tlie  con^undB  hare  properties  aimilar  to  the 
Actallic  SBbhuretfc 


CHAP.  III. 

OP  CARBONIC  ACID,  ITS  BASE,  AND  THEIR 

COMBINATIONS. 

•  In  the  combustion  of  charcoal  an  acid  is  produced 
which  exists  in  the  aerial  form.  Charcoal  being  a  hetero- 
geneous substance,  or  containing  with  its  inflammable 
matter  small  portions  of  saline  and  earthy  substances,  the 
tsrm  Carbon  was  introdneed  to  denote  its  pure  base,  and 
the  add  fermed  in  its  combustion  was  hence  named  Car- 
bonic Add.  Carbon,  in  this  sense,  therefore,  denoted 
merely  the  inflammable  matter  of  charcoal.  But  it  was 
afterwards  discovered,  that  the  same  matter  exists  under 
other  fonns.  llie  diamond,  whidi  was  known  to  be  com- 
bustible, was  found  to  yield  carbonic  acid  as  the  only  sen- 
sible product  of  its  combustion,  and  hence  came  to  be  re^ 
garded  bb  pure  carbcm.  And  the  mineral  substance  known 
by  the  name  of  Plumbago  or  Graphite,  was  also  found  to 
be  chiefly  caAon  with  a  small  portion  of  iron.  It  is  not 
certain  but  that  charcoal,  even  in  the  purest  state  in  which 
it  can  be  prqpared,  contains  hydrogen  $  and  Mr  Davy  has 

supposed)  that  in  diamond  there  is  a  small  portion  of  oxy^* 
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gen.     The  pure  inflammable  baacy  therefore,  that  to  wldA 
the  name  of  Carbon  is  appropriated,  is  perhaps  imkium 
to  us  y  and  analogy,  as  well  as  the  pheDomeiia  it  presenb 
in  its  combination  with  iron,  nu^  \ead  to  the  suspicion 
of  its  being  metallic.     The  quantity  o{  bragn  matter  with 
which  it  is  combined  in  these  substance^  vp^eai^,  how- 
ever, to  be  small     It  farther  exists  as  a  pnnct^  Vc^gc^ 
client  of  all  vegetable  and  animal  substances,  and  is  exten- 
sively distributed  in  the  mineral  kingdom ;  Diamond,  as  ite 
purest  form,  may  first  be  considered. 


Sect.  I. — Of  Diamonds 

The  Diamond,  the  gem  whiA,  from  its  /ustre  andtai 
ne«s,  is  oigteaie^  value,  is  found  in  India  ojtd  in  Bid 
It  occurs  crystallized,  is  colourless  or  tinged  of  varii 
shades,  transparent,  and  has  a  laminated  structure;! 
hardness  it  is  superior  to  every  other  substance  ;  its  ^xk> 
fie  gravity  is  3.5. 

From  its  high  refractive  power,   Newtou   conjectuivf 
that  the  diamond  must  be  an  inflammable  body.    It  was 
found  to  be  dissipated  when  placed  in  the  focus  of  apower- 
&1  burning  mirror,  and  even  in  the  heat  excited  in  ahw' 
nace.     In  the  latter  mode  of  making  the  experiment,  its 
surface  was  observed  to  be  luminous  ^  and  at  length  it  vns 
ascertained,  tliat  at  a  temperature  sufficiently  elevated  it 
sufiers  a  real  combustion.     The  object  of  inquiry  was  then 
to  ascertain  what  is  the  product  of  its  combustiop ;  La' 
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VoiBier,  making  experiments  with  this  view,  observed,  that 
if  the  diamond  were  not  highly  heated,  its  surface  became 
covered  with  a  thin  coating  of  charcoal,  and  when  by  rai- 
sing the  heat  higher  the  combustion  was  rendered  com** 
jdfite,  the  only  sen^ble  product  was  carbonic  acid.  He 
oonc^uded,  therefore,  that  there  exists  a  great  analogy  be- 
tween diamond  and  charcoal  in  chemical  constitution. 

Mr  Tennant,  some  years  afterwards,  burning  the  dia- 
mond by  the  aid  of  nitre  in  a  gold  tube*  concluded  from 
the  product  of  carbonic  acid,  that  the  quantity  aiibrded  by 
a  given  weight  of  diamond  is  the  same  as  is  afforded  by 
the  same  weight  of  charcoal,  and  hence  inferred,  that  the 
diamond  difSsrs  from  charcoal  only  in  the  state  of  aggre- 
gation and  its  crystallized  form.     Ouyton,  from  a  series  of 
experiments,  advanced  a  different  opinion.    Placing  the 
.. .  diamond  in  pure  oxygen  gas,  and  heating  it  by  directing 
.      on  its  surface  the  solar  rays  concentrated  by  a  lens,  he  ol>- 
served,  as  Lavoisier  had  before  done,  that  its  surface  Was 
first  charred ;  when  the  heat  was  applied  in  more  intensity 
this  disiq[^)eared,  and  it  b^;an  to  bum  with  a  glow  of 
light.    On  estimating,  at  the  end  of  the  experiment,  the 
I      quantity  of  carbonic  acid  it  produced,  it  exceeded  consi- 
derably the  quantity  that  would  have  been  produced  from 
the  consumption  of  the  same  weight  of  charcoal,  100  parjts 
of  carbonic  acid,  as  he  stated  the  results,  being  obtained 
from  the  disappearance  by  combustion  of  17.88  of  dia- 
mond, while  the  same  quantity  only  is  formed  from  the 
combustion  of  28  of  charcoal     He  concluded,  th^efore, 
that  the  difference  between  these  two  substances  is,  that 
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the  diamond  is  the  pure  carbonaceous  base^  while  cbar- 
coal  is  an  oxide  of  carbon. 

The  mode,  however,  in  which  Guyton  estfmated  the 
quantity  of  carbonic  acid  was  not  free  fromobjectiatiu^  sai 
more  lately  Messrs  AUen  and  Pepys  hftve  repealed  the  ex- 
periment of  the  combustion  of  these  substances  in  cocy  gcao 
]gas,  and  have  found  that  the  proportions  of  oxygen  con- 
sumedf  and  of  carbonic  add  formed  from  equal  wei^ilsof 
each  are  the  same ;  whence  they  haye  concluded,  sm  Mi 
Tennant  had  before  done,  that  they  diffisr  merd^  in  ag- 
gregation and  form.     I  shall  hate  to  state  duit  daoe  is 
some  reason  to  conclude,  that  charcoal  contaifw  a  fluaB 
quantity  of  hydrogen,  and  Mr  Davy  has  nqppooedy  that 
diamond  may  contain  a    minute   quantity  of  eacyga. 
These  differences  may  exist  without  beii^  capable  of  beai{g 
discovered  by  any  difference  in  the  productB  of  oontiiii^ 
tion,  as  the  small  portion  of  hydrogen  in  charooal  willfcim 
water,  which  will  be  retained  in  combination  witk  thecar* 
bonic  acid  gas. 

The  diamond  requires  a  high  temperature  to  cnms  kio 
bum,  and,  even  when  kindled  in  os^gen  gas,  does  not 
evolve  so  much  caloric  as  to  suf^rt  the  neceBsaxykeot  It 
presents  differait  appearances,  according  to  the  tempon^ 
ture  i  its  surface  being  blackened  if  the  heat  is  not  suffi- 
ciently high,  and  the  illumination  being  brighter  as  it  k 
raised* 

The  diamond  is  scarcely  acted  aa  by  any  other  agent* 
By  sulphuric  acid  heated  on  it,  it  appears  to  be  cshaned ; 
the  other  adds  do  not  afiect  it,  an  inertness  evidently  ow- 
ing to  its  state  of  aggregation. 
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Sect.  II.— Of  Plumbogoy  4r* 

Tmn  snbstanoe,  the  Black  Lead  of  Oonuneroe,  is  ami- 
a^ral  prodncdcMi*    Its  rdbsition  to  carbonaceous  matter, 
and  tft  the  same  time  the  existence  of  iron  in  it,  were  first 
observed  by  Schede;, and  from  subsequent  experiments 
hj  Peyetier  and  Monge,  it  was  inferred  to  be  a  compound 
of  carbon  and  iron,  containing  from  5  to  10  of  iron  in  100 
parts.    Guyton  supposed,  that  it  consumes  more  oxygen 
in  its  combustion  than  charcoal,  and  that,  therefore,  though 
an  oxide  of  carbon,  it  i^proached  nearer  to  the  pure  in- 
^flammable  base.     This  conclusion  rested  on  no  decisive 
evidence  ;  and  Messrs  Alien  and  Pepp  have  found,  that 
^e  carbonaceous  matter  of*  it  consumes  the  same  quanti- 
ty of  oagrgen,  and'afibrds  the  same  quantity  of  carbonic 
acid  as  charcoaL     Mr  Davy  r^aids  it  as  carbon  combined 
with  ifoa,  and  has  supposed,  that  as  it  exists  in  this  com* 
binadon,  the  carbon  cqpproacfaes  to  the  metallic  state,  the 
ooapound  being  a  conductor  of  electricity,  opaque,  with 
considerable  lustare.    It  so  fiur  approaches  in  chemical  dm* 
'  ractera  to  the  diamond  as  to  be  little  acted  on  by  anydw*- 
mical  agen^  and  to  be  so  imperfectly  combustible  as  tore- 
qatre  a  verjr  elevated  temperature,  and  die  continued  ap- 
plication .of  eKtemal  heat  to  cause  it  to  bum. 

The  substance  named  Mineral  Carbon,  Inoombustible 
Coal,  or  Anthracite,  iqppears,  so  fiir  asr^[ardsitscarbona* 
ceous  matter,  to  be  in  a  similar  state.  It  differs  from  other 
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coak  in  containing  no  bitumen ;  and  it  is  much  less  com- 
bustible) burning  only  at  an  elevated  temperature,  and 
scarcdy  evolving  so  much  heat  as  is  suffici^it  to  sustain  its 
combustion.  With  carbonaceous  matter  it  oontains  jx>r- 
tions  of  sileXy  argil,  and  iron.  Guyton  had  supposed  it  to 
be  an  oxide  of  carbon  at  a  lower  degree  of  oxidatiom  than 
coijomon  charcoal ;  but  Allen  and  P^ys  have  finuid  that  it 
consumes  in  burning  the  same  quantity  of  oxygen,  and  af- 
fords the  same  quantity  of  carbonic  add  ;  and  its  in&riar 
combustibili^  is  probably  owing  to  its  state  of  aggre^ition. 


Sect.  III.— Of  Charcoal. 

Charcoal  is  obtained  from  the  imperfect  combustion 
of  wood }  the  wood  cut  into  billets  being  reared  in  a  pile 
which  is  covered  with  earth  or  turf,  apertures  being  l^  to 
r^ulate  the  circulation  of  air,  by  which  the  oombustiony 
when  the  wood  is  kindled,  is  supported.  This  combustion  is 
carried  on  as  slowly  as  possible ;  the  volatile  princ^tles  of 
the  wood,  particularly  its  oi^gen  and  hydrogen,  with  a 
portion  of  its  carbon,  form  volatile^products,  which  are  dis- 
engaged J  and  there  remains  at  length  the  blade  porous 
substance  which  &rms  common  charcoal,  retaining  fre- 
quently the  figure  and  texture  of  the  wood.  To  prepare 
it  thoroughly,  it  requires  to  be  exposed  to  a  red  heat  wfth 
the  exclusion  of  the  air :  this  is  done  by  covering  it  with 
sand.  By  the  same  method,  well  prqmred  charcoal  may  at 
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once  be  obtidned  firom  wood,  a  heat  snAeicaitij  intense 
having  been  applied* 

Vtam  ihe  naMme  of  thie  process,  it  isc^vions  tbat  tbere 
laiist  exist  in  the  duurcoal  any  other  matter  not  volatile 
which  entered  into  the  composition  of  the  wood ;  and  ac^ 
cordingfy  it  abrays  oontams  portions  of  saKne  and  earthy 
matter,  chiefly  carbonates  of  potash  and  lime,  with  a  httie 
oxide  of  iron.  But  these  are  present  in  conq)aratively  mi- 
nute quantities,  and  do  not  fqppear  to  modify  its  proper- 
.ties.  Apart  from  these  cluurooal  was  regarded  in  the  mo* 
«  dem  system  of  chemistry  as  pure  carbon.  Guytcm,  how<^ 
ever,  as  has  been  already  stated^  supposed  it  to  be  an  oxide 
of  carbon  $  while  Allen  and  Pepys,  finding  that  it  ooii* 
sumes  the  same  qnanti^of  oxygen,  and  forms  the  samtf 
qnantity  of  carbonic  acid,  established  again  the  former  o* 
pinion. 

There  are  some  fiicts,  however,  which  still  render  this 
doubtful,  and  which  are  fiivourable  to  a  conclusion  advan* 
oed  by  BerthoUet,  that  charcoal  contains  hydrogen.  In 
particular,  when  charcoal  is  burnt  in  oxygen  gas  a  sensi- 
ble quantity  of  water  is  dq)Osited ;  when  it  is  urged  with  a 
strong  red  heat,  a  quantity  of  dastic  fluid  is  given  out^ 

composed  of  carbon  and  hydrogen ;  and  when  heated  with 

I* 

sulphur,  in  the  experiments  already  referred  to,  su^hur* 
etted  hydrogen,  or  superniulphuretted  hydrogen  is  disen* 
gaged. 

'  It  is  true,  that  there  are  some  sources  of  fidlacy,  whence 

it  might  be  supposed  that  these  results  arise.    If  charcoal 

is  not  thoroughly  calcined,  a  portion  of  the  hydrogen  of 

the  v^table  matter  may  eust  in  it,  which  however  mi^ 

Vol.  I.  Ff 


450  OF  CHAECOAL« 

not  be  essential  to  it,  and  may  be  expelled  if  the  charooal 
is  more  completely  prepared.     It  i^pears  too,  that,   char- 
coal imbibes  humidity  very  rapidly,  absorbmg  it  evesx  from 
the  air,  and  in  such  experiments  this  may  be  the  souince<]f 
the  hyclrogen  which  appears. 

The  operation  of  both  these  causes  is  unqaestioiimhie 
in  some  of  the  experiments  which  have  been  naajde  on 
this  subject,  but  there  are  others  in  which  we  can  scarcely 
admit  their  influence,  and  in  which  the  existence  of  hy- 
drogen in  charcoal  is  still  indicated.     In  particulary  when 
charcoal  has  been  thoroqghly  calcined  by  exposure  to  an  « 
intense  heat,  and  immediately  on  its  removal  fix>m  the 
fire,  without  being  allowed  to  cool  under  esqxisure  to  the 
ftir,  is  mixed  with  sulphur,  the  mixture,  when  urged  by 
heat,    aflbrds  both  sulphuretted  and  super-sulphuretted 
hydrogen,  and  in  such  quantities,  that  the  hydrogen  ex/st- 
ing in  these  products  cannot  be  supposed  to  be  derfred 
from  the  sulphur  alone.     Mr  Davy  also  fin^g  that_a 
small  quantity  of  aerial  fluid  is  given  out  in  submittiiig 
charcoal  in  the  best  state  of  preparation  to  the  intense 
heat  of  a  galvanic  battery,  has  supposed  that  it  contains  a 
minute  proportion  of  hydrogen. 

There  are  even  some  facts  from  which  the  existence  of 
a  litde  oxygen  in  charcoal  inay  be  inferred,  particularly  the 
singular  one  observed  both  by  Lavoisier  and  Giiyton,d]at 
the  diamond,  when  heated  in  oxygen  gas,  is  charred  on 
its  surface.  And  theory  would  lead  us  to  conclude,  that 
minute  portions  both  of  oxygen  and  hydrogen  may  exist 
in  it,  for  being  obtained  from  products  in  which  these  de- 
ments exist,  and  from  which  they  are  expelled  by  heat,  in 
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proportion  as  their  expulrion  proceeds,  the  aflSnity  of  the 
carbon  to  the  remaining  portions  must  become  strong^ 
from  the  increase  in  its  relative  quantity ;  and  minute  quan- 
tities may,  and  probably  will  be  retained  with  a  force, 
which  even  a  very  intense  heat  will  be  unable  to  overcome.  ' 
The  only  difficulty  in  this  view  of  the  subject  arises  from 
the  fiict  apparently  established,  that  the  same  quantity  of 
carbonic  add  is  produced  in  burning  from  charcoal  as    . 
from  diamond,  and  the  same  quantity  of  oxygen  consumed. 
But  if  the  quantity  of  hydrogen  is  small,  the  water  which 
it  will  form  may  exist  in  the  elastic  farm  combined  with 
the  carbonic  acid,'  and  add  so  &r  ito  its  volume,  as  that 
this  shall  appear  equal  to  the  volume  of  carbonic  acid  pro- 
duced from  the  combustion  of  the  same  weight  of  diamcmdf 
though  this  contain  no  hydrogen.     And  as  hydrogen  com- 
bines with  rather  a  larger  proportion  of  oxygen  than  car- 
bon does,  this  may  even  give  rise  to  the  apparent  equali- 
ty in  the  consumption  of  charcoal  and  diamond,  though 
the  former  contain  even  a  small  quantity  of  oxygen  as  well 
as  of  hydrogen. 

From  all  these  considerations,  it  must  appear  doubtful, 
if  the  pure  carbonaceous  base  is  still  known  to  us  in  its  in- 
sulated form.  And  the  observ%^on  by  Mr  Davy  is  very 
just,  that  minute  differences  in  chemical  oompo^tion  may 
produce  great  differences  in  extenial  and  physical  (Jiarac- 

ters.. 

Charcoal  weM  prepared  is  brittle  and  porous,  tasteless 
and  inodorous ;  it  is  aho  procured  by  some  proicesses  in 
the  state  of  a  powder.  It  is  infusible  in  any  heat  that  a 
furnace  can  raise ;  but  by  the  intense  heat  of  a  vexy  power* 
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fal  galvanic  appanttus,  it  is  liardMi«dl«  andatknflkisbodft 
fiiied  and  volatilized.    In  its  oomaam  atale  it  girea  <ma» 
when  exposed  in  dose  vewek  to  a  heat  above  Dedacas*  an 
ehMtic  fluid,  0000101109  principally  of  a  variely  of  oarbuivt^ 
tad  hydtogen :  this  diaoiiniahea  m  the  Ibaat  ia  rai>ed»and  at 
length  the  production  of  it  oeaaes*    But  even  whea  it  haa 
been  broug^  to  this  state,  a  «nall  pfwtion  of  gas  is  espcSU 
led  by  the  more  intense  heat  which  gaLvaniam  exciftea^ 
This  evdution  of  aerilorm  matter  is  to  be  ascribedt  ia'the 
earlier  stages  of  the  process,  probably  princqpalllf  to  the 
decoai|iosition  of  water  which,  the  charcoal  had  iiabihe<U 
and  accordingly  part  of  it  is  alwaya  carbonic  add :  the 
smaller  quantity  evdved  at  more  ii^jeuse  heats  is  pasobabiy 
derived  from  ihe  minute  portion  of  hydrogen,  and  pexhapa 
of  oxygen  combined  with  die  carbonaceous  base.    By  this 
high  degree  of  calcination  the  charcoal  is  lendecad  a  hea- 
ter dectrical  conductor. 

Charcoal  is  insolQUe  in  wat^,  and  is  not  aSectsd  byit* 
nor  does  it  at  low  tenqMratures  produce  on  the  water  any 
change.  It  absorbs  a  small  portion  of  it,  and  heoee^  in  ' 
cooling,.it  imhibea  it  firom  the^atmosphereso as sensib^  to 
incTPase  in  weight. .  At  the  temperature  of  igaitioa  it  de- 
oompoaes  water,  the  prodf|^  being  carbonic  add  gaa  and 
a  variefy  of  carburetted  hydrogen  gas. 

A  very  amgular  property  belonging  to  charcoal,  is  that 
of  absorbing  the  different  a&rial  fluids  in  considerdde 
quanti^  without  forming  with  th^d  any  intwnate  combi- 
nation. If  tlie  charcoal,  when  ignited,  is  allowed  to  oaal 
without  expomire  to  the  atmosphere,  on  exposing  to  it  a^jr 
gas  the  absorption  takes  place,  and  exceeds,  mmy^  times 


OVCBAJftCOAL.  45S 

die  yofamie  of  die  diarcoiL  The  extent  of  it  is  dilfereiu 
widi  difoent  aerial  fluids :  caibonic  acidy'  muriatic  acid^ 
and  ainBlotiia»  are  lai^y  absqriiBd^  w&Se  oxyg«i»  rntro* 
gen,  and  hydrogen^  are  absorbed  ioBore  sparingly.  The 
eondensed  gas  ajppears  to  sufler  po  dmnical  change ;  and 
Ae  greater  part  of  it  is  again  espdled  bf  a  heat  infiotor 
to  that  of  faafliBg  ^vnter^  and  also  to  a  otrtain  ezfemt  by 
intacraion  in  waltr.  Neither  is  there  any  apparent  alta^ 
vation  in  the  properties  of  the  chorooaL  It  is  therafore  a 
mere  mechanieal  condenaathint  produeed,  probably^  how« 
ever,  by  a  osrtain  aUi'atftiuii  exerted  bythe  carboiiBoeoua 
matter-to  the  aMal  flnid.  Tm>  gases  dma  eondensed  in 
flse  pores  of  die  ehareoal  have  been.  fiMmd  to  combine ) 
oxygen  and' hydrogen  when  abs(Mrbed  together,  for  exanw 
pl^lbiriiiing  water^asid  this  being  aocoinpaniied  widiaseii* 
sifale -^IcvatioB  of  tampeivture. 

When  the  action  of  o:i7gen  and  of  hydrogoi  gasea  is 
&voured  fay  hnmidiiy,  they  appear  to  dissohre  smaD  por- 
tiona  of  ohaaeoal  at  common  tenyeratnres>  At  die  teni* 
peratHTOof '%iiidob  diey  form  with  it  intimate  coadbina^ 
tions.  In  burning,  diarcoal  cambiaeB  mkk  oxygen  gaSf 
fotraii^  carbonic  acid*    And  if  hydrogen  gas  be  paswd 

from  their  combiBatian  is  obtained.  Nttrogsn  does  not 
mnte  wtdi  it.  It  appears  to  form  eombiBatioiis  trith 
snlphnt ,  either  idone  or  widi  hydrogeni  some  of  the  pro» 
ducts  from  the  mutual  action  of  sulphur  and  diarooal  at 
Ul^  temperatUKs  being  compounds  of  this  kind^  as  has 
been  alrtedy  notioed.  • 
.  The  attSalia  scarcely  sennUy  djssohre  charcoal  Mdmaitis 
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^ure^  though  in  its  common  state  they  recem  Cdoibx  it  b 
dark  brown  colour. '  It  deoonqmes  a  nmnber  cvf  ibeacids 
by  abstracting  their  oxygen,  some  su£fermg  this  cfeocwnpo* 
sition  at  a  low,  others  only  at  a  high  temperatare. 

One  very  singular  property,  undoubtedly  chenncals  be- 
longing to  charcoal,  remains  to  be  stated :  it  is  that  of  to* 
moving  the  odour,  taste,  and  eolour  of  a  number  of  vege- 
table and  animal  substances,  when  triturated  or  dyafed 
with  them  by  the  medium  of  water.    Hius,  aU  salioe  sob- 
stances,  which,  jBrom.the  adbereooe  of  v^etafale  oraniaial  . 
extractive  matter,  are  of  a  brown  colour,  may,  afterlias 
process, be  obtained  white  byn  second crystaUizatianicai^ 
bonate  of  ammonia,  which  is  &rid  and  dark  oobofed 
when  obtained  firom  the  decomposilicai  of  animal  matter 
by  heat,  is  rendered  perfectly  white  and  pure  by  sofafima- 
tion  from  charcoal  powder.     Resins,'  gaa^tems,  hsfcami^ 
and  essential  oib,  even  those  tha(  have  dieBtrsigest  sndl, 
are  rendered  nearly  inodorous  when  th^  al«  nibbed  widi 
charcoaj  and  water,  or  when  solutions  of  them  in  aDcohd 
are  macerated  with  the  charcoal,  or  filtrated  repeatedly 
through  it ;  and  a  number  of  the  vegetable  ttnctures  and 
infusions  lose  their  colour,  smell,  and  much  of  Aeir  taste^ 
by  the  same  process.    It  i^irom  this  agency  that  diarodal 
powder  removes  the  o&nsive  smell  and  taste  which  water 
acquires  from  keeping  in  wooden  casks,,  and  that  itob* 
viates  even  the  putrescence  of  animal  matter.     To  pro^ 
diice  these  effects,  it  is  necessary  that  the  charcoal  slioiild 
have  been  well  calcined  and  newly  |H*epared,  or  at  leait 
should  have  been  long  exposed  to  lM  air.    A  eatam 
quantity  too  is  necessary,  more  or  less^  aecorditi^  to'die 
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«ffbct  re^puTvd.    It  is  not  yery  olmooi^  by  what  kmd  of 
ageoef  the  oharcottl  produces  these  eflfects. 


Sect.  IV.— <y  Carbonic  Add. 

This  is  the  Fixed  Airof  Dr  Blacky  the  first  of  the  aeri*. 
iioirm  fluids  whicb^was  submitted  jto  aecurate  examina- 
tion. He  investigaibed  a  number  of  its  properties^  and  the 
changes  it  produces  in  chemical  combinationsj  particularly 
with  the  alkalis  and  earths.  Bewly  and  Bergman  dis- 
covered its  add  powers,  which,  froxa  being  comparative)^ 
weak,  h^, escaped  Dr  Black's  observation. 

Though  this  add  is  produced  without  difiiculty  by  the 

direct  combination  of  its  constituent  principles,  it  is  usual- 

ly  obtained  by  otj^er  processes.  .  It  exists,  conibined  with 

limey-'-in  the  difierent  varieties  of  Iimest<»ie^  marble,  and 

c}ialk ;  and  if  any  of  these  be  exposed  to  a  strong  red 

lieat,  the  a^Sni^  of  the  add  to  the  lime  is  so  &r  weakeA>- 

ed,  that  it  assumes  the  elastic  form.     Or,  if  the  affinity  of 

aiiother  add  to  the  Ume  is  introduced,  the  same  iresu^t  is 

obtained  without  applying  heat.    If  into  a  bottle  fitted 

with  a  bent  tube>,  small  fragments  of  chalk  or  marble  are 

put,  and  if  to  this  diluted  sulphuric  or  muriatic  add  is 

added,  a  strong,  effervescence  is  iipmediately  exdted  firom 

^  the  disengagement  of  the  carbonic  add  gas,  the. sulphuric 

or  miuriatic  add  combining  with  the  Ume :  the  gas  may 

be  collected  over  water,  by  which  it  is  not  immediately 

absorbed  in  any  considerably  quanti^. 
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when  dilated  with  two  or  three  parts  of 
it  exerts  a  deleterious  power. 

Carbonic  acid  in  its  elastic  form  is  absorbed  by  wata^ 
the  water,  at  a  mean  atmospheric  pressure  and  tentpans- 
tare*  absorbing  nearly  its  own  vohmie.  Tlie  daoiptiaii 
is  promoted  by  agitation,  and  the  quantity  absorbed  ia  i 
creased  by  cdid»  or  by  augmented  pressure.  The 
when  largely  in^r^natedwith  it,  sparkles  when  ahiJlren> 
and  h^  a  pungent  taste  $  the  gas  escapes  on  expoaare 
to  the  atmosphere :  it  is  entirdy  expelled  by  boQing)  .and 
is  disengaged  by  fieefidng. 

The  acidity  of  carbonic  ficid  is  weak,  and  tests  of  some 
delicacy  are  required  to  discover  it.  Its  taste  is  scarcely 
percqptiUy  sour,  either  in  its  clastic  or  liquid  ferm  \  it 
reddens,  however,  the  more  delicate  Vegetable  coJoars,  as 
that  of  litmus  $  and  though  it  adheres' with  little  farce  to 
the  bases  with  which  it  combines,  this  Berdiollet  ascribes 
to  Its  greater  tendoicy  to  pass  into  the  elasdc  states  and 
ju^^png  from  its  powers  of  saturation,  it  may  even  be  re- 
garded  as  superior  in  acidity  to  a  number  of  the  other 
acids* 

It  combines  with  the  alkalis,  earths,  and  metallic  oxides^ 
forming  salts  denominated  Carbonates.  In  these  oombin- 
ations,  at  least  with  the  alkalis,  is  di^layed  the  pecdtaii- 
ty,  that  .the  alkaline  properties  are  rather  impaired  than 
neutralized ;  it  is  at  least  difficult  to  establish  neotraliza- 
tion,  and  the  compounds,  even  when  obtained  of  uniJbna 
oomposition  by  crystallization,  retain  to  a  certain  extent 
the  alkaline  properties ;  they  have  the  alkaline  tarte^changja 
to  a  green  the  vegetable  colours^  and  combine  wAl  oik 
so  as  to  form  soaps.    The  alkalis  in  this  state  were  there* 
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fere  iatiemif  ftgBDtded iwt  as  oompoiindsi  ibey  were «up» 

posed  to  be  in  their  purest  form,  were  named  Mild  Alkb- 

1»,  to  dttitininiisih  than  ttom  what  were  named^  Caustic 

A3kHti%  whiieh  were  supposed  to  be  less  pure.    Dr  Hade 

shewed)  tfaatthe  miid  state,  as  it  was  named,  is  owing  4o 

the  presence  of  cezbonic  add;  and  Beri^ooan  proved,  that 

in  vtUs  state  they  ^ace  to  be  regarded  as  compound  salts* 

Th^^  gehteaafiy  form,  however,  with  an  excess  of  base^ 

and  it  is  not  very  certain  if  they  can  be  obtained  other-. 

wise,  at  feafit^  in  a  crystallized  state.    The  property  hf 

which  ihey  are  peculiarly  distmguiahed,  is  ^tliit  of  effer- 

v«sci!Dg  ^ktmof^  on  the  addkion  of  any  add,  the  carbonic 

acid*  bdng  disengaged,  aiid  assuming  the  elastic  form. 

They  are  also  easily  decomposed,  at  least  partially,  by 

heat,  "the  carbonic  acid  being  expeliiBd.     In  the  earthy 

carbonates,  however,  it  is  retained  with  m<^«&iroe,  and 

iwqttires  a^  nrach  higher  heat.    / 

SuB-OARBOXATE  OF  PoTASH.«-^It  is  uudsr  the  form  of 
this  salt  that  potash  is  affinrded  in  the  processes  by  which 
it  is  usu8%  obtained',  as  in  the  incineration  of  the  wood 
of  plants.  It  therefore  forms  the  base  of  this  product^-^ 
the  potarii  or  peailash  of  commerce,  which  also  contains, 
however,  odier  saline  substances,  particularly  sulphate 
and  murii^  of  potash,  and  earthy  and  metallic  matter. 
Erom  these,  it  is  in  part  freed  by  dissaving  the  pearlash 
in  an  equal  wei^t  of  warm  water ;  the  foreign  substances 
being  sparinj^  sohible,  remain  in  a  great  measure  Undis- 
solved ;  the  dear  Uqnor  is  poured  oiF,  and  is  evaporated 
until  a  peiiide  appear  on  its  suriace ;  on  odoling  and  re^v 
maiiimg  at  rest  far  a  few  homiKi  it  dqf^oailes  a  litde  muri<^ 
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»te  of  poftmhf  and  hting  ponied  off  fion  Ikif  «id 
roted^  the  sulxarbaiiate  is  obtained.    Hie  cberaiate  Jbttie 
afao  enafdoyed  otlier  processes  to  procttre  it,  aadb  as  bimi* 
mg  tartar  at  a  redlieat :  this  substance  roiwiiti  cfpataAp 
combined  with  tartaric  add^ — a  vegetaUe  add  haBfiog  m 
ecMnpoimd  base  of  carbon  and  hydrogen^  and  larldGhy 
therefore,  when  decomppsed  by  heat)  affbrdb  cavbotMc 
aisidt  with  whidi  the  potadi  combines.     By  Aiflagialin^ 
lartar  with  nitrey  a  similar  product  is  formed,  ami  aba  by 
deflagrating  nitre  with  diarcoal,  the  cham>al  Ung  ctei- 
verted  into^carboiiic  add  by  the  oxygen  affix^ded  by  tike 
decomposition  of  the  nitric  add,  and  the  carbonic  acid 
oorobinii^  with  the  potadi,  which  is  tbe  baae  of  tfe  mti<^ 
As  obtained  by  these  processes,  the  sub^arbonate  of  po> 
taah  is  even  purer  than  in  the  state  in  wfaidi  it  h  |»oc»* 
red  firom  the  pearlash  of  commerce*. 

Sub-carbonate  of  potash,  obtained  in  a  enua^te  state 
by  evap(»nation^  is  generally  in  the  ferm  of  cosne  gniiiB» 
as  it  is  not  susceptible  erf"  regular  ciystalKsaidini.    Fran 
Ae  excess  of  alkali  it  contains^  it  is  dehqueseent ;  mad  if 
exposed  to  the  ait,  it  soon  attracts  as  mnch  water  as  £»• 
solves  it     Its  taste  is  acrid  \  it  changes  the  veaetaUe  go- 
mas  to  a  green,  and  annbines  with  <»]g,  fonning  a  sapo* 
naceous  compound.     It  is  decomposed- by  the  odds;  i(s 
carbonic  add  being  disengaged  with  eiferveseence.  Aeon- 
rideraUe  portion,  but  not  the  whole  of  its  acid  is  eaqpelhd 
by  a  Strang  red  heat    It  consists  of  aboot  SO  of'^Hafi^ 
28  or  30  of  carbonic  add,  and  6  of  w»teiv  with  ahtdesflU 
eeoos  earthy  su^^iate  of  potash,  and  ar^ 

Carbowatb  qw  Potash  may  be  oblirfhad  fay  leaiviBg.dte 
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H^hiB'i^ft-  dT  Ifae  wtMsurboiiAte  exposed  to  the  air  iat  a 

cnoflidffrflhfe  time,  oarbonic  acid  beiiig  kK|hib«d  3rom  iim 

mtaaosfik&pef  and  thus  eryedak  of  the  aetttra)  carhoiwtfe  afe 

depoiited.    Or  it  is  formed  in^e  directly  by  pauinga  cui^ 

lent  of  carbooic  add  gas  through-  a  ad^ian  of  the  sub-* 

carbosiate  of  such  a  strength  that  cryatak  form  apoo- 

tanecmaiy.     One  pert  of  the  sub-earbcmate  dissolved  in 

three  of  va^er  affords  a  solution  of  the  proper  strengdu 

The  laystals  are  bevelled  quadrangular  priauis ;  they  do 

lioty  like  the  8ubK:arbonate>  .deliquesce.     They  reqoire,  at 

a  mean  tanperature,  four  parts  of  water  finr  their  soltttioii> 

and  produce,  while  dissolving,  a  degree  of  oold.     They 

are  mudi  more  aofatble  in  hot.  water,  the  water  takrag  up 

even  ^  of  its  wdght;  but  if  the  tenqperafure  be  that  of 

boiling  wjkter^  part  of  the  carbonic  acki  aaauaies  the  daakic 

state,  and  rises  through  the  liquor.     Tlie  taste  of  this 

crystaHised  salt  is  more  mild  than  that  of  the  sub<arbo^ 

natCf  thou^  still  alkaline;   it  haa  no  causticity,  but  it 

unites  with  oik,  and  changes  4h^  vegetaUe  oolonra  to  a 

gtefsx :  it  can  scarcity  therefore  be  regarded  as  the  neutral 

carlxmate.    It  consists,  accorduig  to  its  amdysis  by  PeQe* 

tier,  of  40  of  potash,  43  of  carbonic  add,  and  17  at  wa* 

ter.    It  is  little  used  but  for  some  medicinid  pmrposes,  but 

the  sttl>-carbDnate  in  the  state  of  the  potash  and  peaii- 

ash  of  commerce  is  apfdied  to  many  uses  in  the  arts^ 

principally  from  the  alkali  it  amtatna. 

Potash  ia  capable  of  eomhining  with  a  less  poelioii  of 
earboittc  add,  bat  atK  so  as  to  form  a  crystalUsable  salt 
It  is  also  easily  super-saturated  fay  diasohring  die  sub-caiw 
bonale  in  water»  (one  ounce  in  ten  pounds),  and  by  the 
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assistance  of  cold  aiid  pressure  impregnating^  the  solutiai 
strongly  with  carbonic  add  gas;  the  liquor,  wfaen  a  suffi- 
cient quantity  of  carbonic  acid  has  been  combined  in  it,  is 
pleasantly  acidulous,  with  seme  pungency,  and  the  alkali 
thus  snper-^aturated  proves  less  irritating  to  die  stomach 
than  in  any  other  state. 

Carbonate  of  Soda. — The  salt  which  usuaDy  receives 
this  name  is  in  strictness  of  nomenclature  a  sub-carbonalS^ 
for  its  taste  is  alkaline,  and  it  changes  the  vegetahie  co- 
lours to  a  green.      It  is  extracted  from  the  saline  matt^* 
obtained  by  the  combustion  of  marine  plants,  the  barilla 
of  commerce ;  the  purer  kinds  of  barilla  being  Hxiviated^ 
with  warm  w^ter,  and,  the  solution  being  evaporated,  so 
that  on  cooling  it  shall  crystallize.     The  crystals  are  octo- 
hedrons ;  they  are  efflorescent,  so  as  in  a  dry  atmo^here 
to  be  soon  reduced  to  a  powder.     They  require,  at  a  me^ 
dium  temperature,  twice  their  wei^t  of  water  for  6olu-> 
tion,  and  are  more  abundantly  soluble  in  hot  water,  the 
saturated  ^solution  crystallizing  on  coofing.    Exposed  to 
heat,  they  sufifer  the  watery  fiision  from  the  action  of  a  hum 
quantity  cf  water  of  crystallization ;  as  tiliis  is  dissipated, 
the  salt  spears  as  a  dry  white  powder,  which  by  an  in- 
crease of  heat  may'  be  fused  and  partially  decomposed. 
The  proportions  of  the  crystallized  sak  are  21 .58  of  soda, 
14.42  acid,  and  64  water  of  crystaDization.     Soda  more 
ftilly  saturated  with  carbonic  acid  may  be  obtained  ^ther 
by  transmitting  carbonic  add  gas  through  a  solution  of  Ae 
sub-carbonate,  or,  according  to  a  process  now  recdwed  in 
the  London  Pharmacopoeia,  miting  one  part  of  it  with 
three  parts  of  sulM^arbonate  of  ammoliia,  the  cartMmir 
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acid  of  the  latter  sak  bemg  txansfarred  to  the  soda,  and 
the  ammonia  being  distifled  off.  The  residual  liqoor  affi!>ida 
cryatal^of  carbonate  of  soda.  The  alkali  may  also  be  so-' 
per««atilrated  with  caibonic  acid  by  the  same  process  as 
that  followed  with  the  carbonate  of  potash }  and  this  su-* 
per^saturated 'Solution  is  like  the  other  in  medicinal  use^ 

Cab^onatb  OF  ABfMONiA. — Ammouia,  by  combination 
with  carbonic  add  in  different  pn^ortions,  affords  va^« 
Qos  products,  in  which,  however^  the  alkali  is  not  altoge- 
ther neutraliaed.     Though  they  exist  in  a  concrete  states 
they  are  volatile,  retain  the  pungent  ammoniacal  odour 
and  taste,  and  change  the  T^;etable  colours  to  a  green* 
The  combination  is  easily  established  ;  by  presenting  thtf 
two  gases  to  each  other,  they  instantly  unite  and  form  a 
concrete  salt    It  is  more  usually  obtained,  however,  eco* 
nomically,  in.aa  indirect  n|ode,  by  decomposing  muriate 
of  ammonia  by  carbonate  of  potash  or  lime. 

Equal  parts  of  chalk,  dried^  fmd  of  Qiuriate.ctf  ammo- 
nia, are  mixed  together,  and  put  into  an  earthen  retort^ 
or  an  iron  pot,  to  which  a  capital  is  adapted,  and  which  is 
connected  with  a  large  receiver.    Heat  is  applied,  by 
which  a  double  decomposition  is  effected,  the  lime  at- 
tracting  the  muriatic  add,  and  the  ammonia,  the  carbonic 
add.    The  muriate  of  lime  remains  in  the  vessel^  and  the 
carbonate  of  ammonia  bdng  volatilized,  is  condensed  on 
the  sides  (ji  the  receiver  in  the  form  of  a  crust.    Some-^ 
times  it  is  obtained  by  another  process  in  solution  in  wa*- 
tor.    Equal  parts  of  muriate  of  ammonia  and  of  sub-car- 
bonate of  potash  are  put  into  a  retort  with  two  parts  of  wa- 
ter, and  heat  is  ^iplied  ^  a  double  decomposition  likewise 
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'piua  pkce  m  this  case,  the  muxiatic  uiA  uBitiag  w^  tbe 
potanh,  ^p4  the  cariNmic  acid  widi  the  ainiaonia^  tfa 
carhoiiintP  of  (unaifmift  passes  over  with  the  aipwHsnw  v*- 
pcnur,  whkhf  when  ccndensed,  jswiftrifgrt  to  diflsafre  it* 

Carbonftle  of  anyBOBia  is  ako  detained  in  kige  qpaati* 
ty  in  the  deoompeiitaoli  of  animal  natter  by  hea^U  ll  is 
thus  {NEocttved  from  b<»ie8y  and  foma  die  impae  product 
which  has  been  named  salt  of  Hartshorn* 

The  oompoailioi»  of  these  pradocts  raiiea  so  modi*  that, 
atieordiBg  to  their  analysis  by  Mr  Davy,  the  quaotitj  of 
anunonia  is  from  30  to  50  in  100  parts.  The  aahopHc 
acid  and  wat^  are  siqper-dMmdant  in  ity  aa  the  temp- 
pemtore  at  n^iich  the  compoiuid  has  bees  fivmed  is  low ; 
that  ibrmed  at  SOO*  contained  he  found  above  50  of  alka* 
li,  while  thai  foned  at  60^  contained  only  20^  fant  oi 
n<me  of  them  is  the  alkali  naitraUzed., 

Sub-carbonate  of  ammonia  is  very  tuMikm  watery  at 
a  mean  toqperatmre  it  requires  onj^  twice  its  wog^  and 
at  212^  less  than  its  own  wei^  is  sufiBckiti;  for  xta  soha* 
tioa.  Its  saturated  sdution  dqKMites  crystik,  the  Bgwfio 
of  which  appears  to  be  octohedraL  Expoaed  to  a  veitj 
moderate  heat;  it  is  entirely  vdatiliaed»  bat  is  easily  con* 
deasedy  and  its  depositicm  oo  the  tides  of  the  vessdia  of  a 
regular  dsodritical  form.  It  effioicsces  on  eiqposare  to 
the  air,  and  its  odomr  becomes  weaker^  peihaps  finosD  the 
loss  of  its  moisture,  or  from  the  absorption  of  cazbonk 
add. 

This  salt  is  used  in  medicine  as  a  sthnulant  andduiplio* 
fisticy  and  as  a  stimuhtipg  perfume. 
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Carbokate  of  Barytks  exists  native.  When  obtaiiied 
by  adding  carbonic  add  to  bftrytic  water>  or  by  decompo- 
sing muriate  of  baiytes  by  an'  aflcaline  carbonate^  it  is  in 
the  form  of  a  white  powder^,  of  consid^able  specific  gravi- 
ty I  h  not  soluble  in  water  in  any  appreciable  quantity^ 
bat  is  dissolved  in  small  quantity  -#hen  the  water  is  im- 
pregnated with  carbonic  acid.  Hiis  artificial  carbonate 
is  decomposed  by  heat,  its  carbonic  acid  being  easily  and 
completely  expelled^  owing,  as  has  been  supposed,  to  the 
presence  of  water  which  favours  the  transition  of  the  acid 
to  the  elastic  form  ;  while  in  the  artificial  carbonate  which 
contains  less  water,  the  decomposition  is  much  more  dif- 
ficult J  though  by  a  heat  sufficiently  poweirfid,  Dr  Hope 
has  shexvn  that  it  can  be  effected.  The  addition  of  a  little 
carbonaceous  matter  favours  thfe  decomposition,  by  con- 
verting the  carbonic  acid  into  carbonic  oxide. 

Carbonate  of  Strontites  is  precipitated,  on  adding 
carbonic  acid,  or  a  solution  of  an  Alkaline  carbonate,  to  a 
solution  of  strontites,  or  of  a  strorititic  salt.  With  an  ex- 
cess of  add  it  becomes  soluble.  The  artificial  carbonate, 
Mcethat  of  barytes,  is  more  easily  decomposed  than  fho 
native.  -  , 

Car^nate  of  Lime  exists  in  nature  in  great  abun- 
donee  and  under  a  variety  of  fortns.  It  is  formed  artifi- 
daDy,  by  adding  ciirtxmic  add  to  lime-water ;  by  agitat-  • 
ing  water  impregnated  with  that  add  with  lime,  or  by  <lc- 
compdstng  any  of  die  soluble  siQts  of  Bmfe  by  any  of  the  alka- 
line 'carbonates' ;t  but -its  chemical  ^rbperties  are  generally 
described  iroiri'those  veffieties  of  it  whiieh  i^st  native  inn 
Irtate  of  puritj*;  '  It  is' Very  sparingly  sblubfo  in  water,  and 
Vol.  I.-  ^g 
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ki  those  fonns  6f  it  in  which  the  eohesioB.  is 
appeaars  altogether  iiuduble.    By  an  cxceis  a£  carinmie 
add,  solubility  i&  ecnnmumcatled.    YUkea  exposed  to  heat, 
it  first  loses- what  water  it  contains^  and)  if  transparent 
and  hard)  becomes  white,  opaque,  and  finable.      If  the 
heat  be  aibgEnetaited,  the  carbonic  acid  is  eTqidilffd>  aaod 
pure  Kme  remains.     This  operation  %  perfiormed  on  a 
large  scale,  on  the  ctifferent  varieties  of  the  native  caiiiO' 
note,  marble,,  chalk,  and  more  particnlarfy  Kmestone,  to 
obtain  lime  for  the  numerous  uses  to  wlttGh  it  is  spplied. 
The  experiments  of  Sir  Japoies  HadH  have  provec^  that  if 
the  separation  of  the  carbonic  acid  from  its  combinatioii 
with  the  Hme  be  fHrevented  by  the  requisite  pressiue^  the 
earboiuite  may  be  fuwd,  and  by  a  heat  cotaparativdj  mo- 
derate, intieranediate  between  30^  and  30^  of  Wedeweod'a 
scale,  accoiHling  to  the  more  or  less  peifiMt  oompwessHm^ 
A  substance  is  thus  &rmed,  haying  eonndemble  hardnesn 
and  closeness  of  texture,  and  approaching  by  ihese  qaaSir- 
ties,  as  well  as  iafractmre  a«d  specific  gravis,  to  the  finer 
kinds  of  limestone  or  marUe.    Bucbolz  haa  aince  diteo- 
vered,  d»at  even  without  ocm^pression  eafbooate  €^  fine  h 
fused  when  it  is  sulmiitted  to  heat  in  a  lai^e  mass.     The 
acids  expel  the  caibonic  acid  firam  easixmate  of  lime, 
with  effervescence;    and  this  pnip^y.of  efisrveacang 
strongly  on  the  contatrt  of  an  add».  f^iAia  disaSaainat- 
ing  character  of  aarbonatf  a(  Ime.    T^e  nalsve  carbonate 
perfectly  pure,  consists  of  55  of  lime,  aJld«  4»  of  acid. 

Gabbon ATE.  OF  MA0f9|BSu  IS*  prepared  &r  m^^^^^  use 
by  dissolving  equal,  weighto  of  sH^ate  of  magnesia  and 
sub-carbonate  of  potash  separately  id  twice  their  weight  of 
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waley;  miiuiii;  tliap  togethfir^  and  imnwdiirtely  dlbtfaig 
with  eight  ports  c£  warm  water :  the  magneaia  attracts  the 
carbonic  acid  $  and  the  compound  bong  laadiMe,  ispreci- 
pitated,  while  (he  sulphate  of  potash  that  is  formed  remaiiis 
in  solution.  The  mixture  is  made  to  bml  for  a  few  mi« 
nutes :  after  coc^ng  a  liitk,  it  is  poured  upon  a  filti:^ :  the 
clear  fluid  nms  through,  and  the  precipitate  of  carbonate 
of  magnesia  is  washed  with  water  till  it  is  tasteless.  When 
the  process  is  conducted  on  the  large  scale,  the  bittem,  or 
liquor  remaining  aftei^  the  crystallization  of  sea  salt,  whicb 
is  principally  a  solution  o(  mnriate  and  sulphate  of  ma^ 
nesia^  is  substituted  foir  the  pure  sulphate,  and  this  is  pre- 
cipitated by  a  solution  of  pealrlash,  or  of  carbonate  of  am- 
monia procured  by  distillation  from  animal  substimoes. 

Carbonate  of  magnesia  is  pedfectly  white,  nearly  taste- 
less, possessing  little  coherence  in  its  texture,  and  of  a  spe- 
cific gravity,  not  more  than  2.3.  It  is  very  sparingly  so- 
luble in  water  ^  requiring  at  least  2000  times  its  weight,  at 
the  temperatiure  of  60^.  In  this  state,  however,  it  is  ra- 
ther a  sub-carb(»iate.  When  acted  on  by  water  impreg- 
nated with  carbonic  add,  it  is  dissolved ;  and  from  this  so- 
lution allowed  to  ev^»orate  spoabmeoudy,  the  carbonate 
of  magnesia  is  deposited  in  small  hexagonal  prismatic  crys- 
tAk,  which  are  tfan^iarent  and  efflorescent:  they  are  so- 
luUe  in  4B  parts  of  wafer,  at  60^  $  and,  by  dow  evaporn- 
taon^  this  solution  agaki  afibrds  erystsls.  Tliese  consist  of 
25  o£  magnesia,  50  of  acid,  «id  96  of  watei* ;  white  tbi; 
proportions  of  the  common  carbopate  are,  from  45  to  55 
of  earth,  (torn  25  to  46  of  acid,  luid  from  15  to  sb  o( 
water. 

Gg2 
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CxTBLBOiXATt  OF  Arqil  can  scuTcely  be  formed :  water' 
impregnated  with  carbonic  add  dissolves  a  portion  of  the 
cartli  J  but  in  evaporating  the  solution^  the  carbonic  acid  is 
expdled ;  and  when  an  argiUaceous  salt  is  decomposed  by 
an  alkaline  cartxmate,  the  argil  is  precipitated)  and  re- 
tains little  carbonic  acid  combined  with  it. 

The  other  earthy  carbonates  arc  scarcely  known,  Cak- 
BOKATE  OF  ZiRcoN  is  insoluble.  Carbonate  of  Glu- 
ciNB)  obtained  by  double  decomposition,  is  precipitated- 
in  a  soft  state,  and  is  not  easily  dried;  is  insipid,  insoluble 
in  water,  and  is  not  rendered  soluble  by  an  excess  of  acid* 

Water  impregnated  with  carbonic'  acid  dissolves  small 
portions  of  some  of  the  metals,  particulaiiy  iron  and  zinc. 
By  indir^  modes  it  can  be  combined  with  the  oxides  of 
the  other  metals,  forming  compound^  afterwards  to  be  no- 
ticed. 


S^CT^  \ .*^0f  Carbonic  Oa;ide. 


Charcoal,  ini  burning,  combines  with  that  proportion' 
of  oxygen  which  ccmverts  it  into^  carbonic  acid.  But  an 
intermediate  product  in  the  state  of  aa^oJiude,  it  has  been 
supposed,  can  be  obtained  by  processes  in  wl^ch  oxygen 
and  charcoal  are  combined  in  a  diSi^ent  mode,  or  in  whicti* 
carbonic  acid  is  deeompobed  and  its  oxygen  partially  ab- 
stracted* , 

The  processes  in  which  the. production  of  carixmic 
oxide  was  first  observed,  consist  in  exposing  mixturos  o£ 
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(Certain  metallic  oxides,  particularly  the  grey  oxide  or 
scales  of  iron  with  cliarcoal  to  a  red  heat ;  a  veiy  laige 
.quantity  of  elastic  fluid  is  disengaged,  which  consists  part- 
ly .of  carbonic  acid :  but  when  this  is  abstracted  by  agitar 
lion  with  water,  there  remains  an  elastic  fluid  inflam- 
.mable,  and  which,'  in  burning,  is  conyerted  into  carbonic 
4icid ;  it  has  hence  been  regarded  as  a  gaseous  oxide  of 
carbon.     On  this  hypothesis  it  must  be  supposed,  that  ih 
its  formation  the  oxygen  of  the  metallic  oxide  has  com- 
..bined  with  the  charcoal,  and  from  the  excess  of  charcoal 
present,  has  formed  this  oxide  ratlier  than  carboi^  acid. 
,  There  are  other  processes  in  which  a  product  strictfy 
analogous  is  obtained^  from  the  partial  decomposition  of 
.i:arbonic  acid.     Thus,  if  native  carbonate  of  baiytes,  or 
dried  carbonate  of  lime,  be  mixed  with  zinc  or  iron-filings^ 
iuid  exposed  .to  a  low  red  heat,  there  is  ui  abundant  pro* 
duction  .of  elastic  fluid :  Jthis  contains  a  smaU  portion  of 
,  carbojiic  Acid,  but  it  consists  principally  of  an  inflammable 
.  gas,  which,  like  the  former,  is  con^^erted  into  carbonic  acid 
In  burning,  and  towards  the  end  of  the  process  this  gas  is 
even  disengaged  perfectlj'  pure.     Its  production,  on  the 
supposition  that  it  is  a  pure  oxide  of  carbon,  must  be  as- 
cribed to  the  metal  abstracting  a  portion  of  the  oxygen  of 
the  carbonic  acid  disengaged  from  the  carbonize  of  bary- 
tes  or  carbonate  of  lime.    And  this  decomposition,  so  as 
to  afford  this  product,  is  established  by  another  process 
still  more  direct, — ^passing  carbonic  acid  gas  repeatedly 
through  an  iron-tube,  containing  clean  iron  wire  at  a  red 
heat;  the  iron  is  oxidated,  and  the  carbonic  addj  if  the 
process  is  continued  sufficiently  long,  is  converted  into 
carbonic  oxide. 
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\  • 

Some  chemista,  Berthollet  in  particular,  have  supposed 

» 

that  this  gas  always  contains  a  portion  of  hydrogeny  and 
is  Uierefore  a  ternary  compound,  not  a  pure  carbonic  ox- 
ide. When  obtained  from  processes  in  whidi  cfaarooaJ  is 
employed^  tlic  hydrogen,  which  there  is  some  reason  to 
belicrve  ^dits  in  this  inflammable  substance,  may  enter 
into  omnbination  with  the  oxygen  end  carbon  which  form 
the  elastic  product;  and  accordingly  the  gas  produced  faj 
this  process  has  been  observed,  in  burning,  not  cmly  to 
form  ca]4x>nic  acid,  but  to  deposite  also  a  portion  of  wur- 
t^.  In  the  processes  in  which  it  is  obtained  from  the 
partial  decompositicm  of  carbonic  acid,  the  hydrogen  sup- 
posed to  be  contained  in  it  must  be  derived  from  the  small 
portion  of  Water  which  that  acid  is  supposed  to  hold  com* 
binedf  ' 

There  is  considerable  uncertainty  with  r^ard  Xo  the 
existence  of  hydrogen  in  well  calcined  charcoal,  or  the  pre- 
soice  of  combined  water  in  carbonic  acid,  and  hence  it  i^ 
difficult  to  form  a  deciaed  conclusion  with  regard  to  tliia 
qu^on.  line  production  of  a  portion  of  water  in  the 
combustion  of  this  gas  is  no  proof  that  hydrogen  is  essexw 
tial  to  its  coii^Kxdtion,  for  the  hydrogen  affording  this  may 
exist  in  the  state  of  carburetted  hydrogen  .merely  mixed 
with  it,  and  besides,  as  obtained  by  other  processes,  there 
is  no  deposition  of  winter.  Its  production  from  the  de^ 
composition  of  the  carbonic  acid  existing  in  cai*bonate  of 
barytes,  a  compound  in  which  the  carbonic  acid  has  beet) 
supposed  to  exist  without  even  that  small  portion  of  water 
which  the  acid  contains  in  its  umial  form,  and -its  produe- 
tk>n  aho  from  carlxmic  acid  gas,  which  has  been  previous- 
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fj  expcmdto  the  action  of  muiiate  of  lime,  so  is  to  ab» 
stract  any  water,  render  more  probable  die  conclusion  that 
hydrogen  is  not  essential  to  the  oonatitudon  of  this  dastic 
fluid,  and  at  least  prove  that  the  quantity  of  that  ekm^t 
in  its*  composition  must  be  exfcremdy  small  It  is  therefore 
<ni  the  whole  peihaps  the  most  probaUe  ^^^inioUy  that  it  is 
an  oxide  of  carbon. 

There  is  one  fac|;,  however,  rather  singular  with  regard 
to  this  gas,  which  has  been  supposed  favourable  to  the  sup- 
podtio^  that  hydrogen  is  one  of  its  elementSf— this  is  its 
comparative  levity.  It  is  rather  lighter  than  atmoflpheric 
air :  oxygen  gas  is  bearier :  whan  combined  with  carbon,  a 
heavier  ingrecfient,  it  might,  in  retatning  the  dlastic  fenn, 
be  expected  still  to  beooaieq>eGifica%heavier9  audit  actuat 
ly  does  so  in  forming  carbontc  acid ;  yet,  in  iocreasmg  the 
pnoportion  of  caihon  fiuther  so  as  Co  form  carbonic  oxide, 
it  becomes  specifically  lighter^  This  is  an  anomaly,  whidi 
it  has  been  supposed  can  be  accounted  for  only  on  the 
supposition  that  hydrogen  exis^  in  jthe  latter  gas,  and 
communicates  its  comparative  levity.  Some  weight  is  due 
to  this,  yet  there  are  some  similar  anomalies  in  other  cases 
of  chemical  combination,  and  it  A:annot  therefore  be  re- 
garded as  conclusive* 

Carbonic  oxide  is  permanently  elastic.  Its  spedfic  gra- 
vity is  to  that  of  atmospheric  air  as  967  to  1000.  It  is  ab- 
sorbed  in  a^all  quantity  by  water,  100  cubic  inches  con- 
densing 2  of  the  gas ;  but  it  has  no  acid  taste,  nor  either 
in  this  condensed  state  or  in  its  liquid  form  does'  it  con- 
tract any  union  with  the  sdkalis  or  esrths.  It  burns  with 
a  blue  lambent  flame,  but  does  npt  explode  when  previous- 


472  OF  OXY-CABBURETTfiD 

ly  mixed  with  atmospheric  air  and  kindled,  nor  doei  it 
comfaiiie  with  much  oxygen ;  for  although  it  b  utcesunj 
to  its  complete  combustion,  that  an  ^cesB4)f  oxygen  ahonki 

be  present,  100  cubic  indies  of  it  oansume  not  inoretiuB 

* 

35  cubic  inches  of  the  oxygen  gas.    It  forms  a  quanftf  of 
carbcmic  aoid  ffus  equal  in  weight  to  the  carbonic  oxiie 
and  oxygen  consumed.     From  the  products  Cruicfabank 
inferred  that  it  consists  of  21  of  oxygen  and  8.6  of  car- 
bon. '  Qement  and  Desormes  state  them  at  58.iaf  oxj- 
gen  and  4*  1 .6  of  carbon.  The  gas  produced  from  the  mAui 
action  of  charcoal  and  metallic  oxides  deposites  a  fitdemter 
in  burning,  whence  Cruickshank  stated  its  composition  at 
15  of  oxygen,  7  of  carbon,  and  1  of  hydrc^en.  It  is  mare 
probable,  however,  that  it  is  the  same  with  the  other,  tsd 
that  the  small  quantity  <^  hydrogen  exists  rather  in  tlie 
state  of  carburetted  hydrogen  mixed  with  the  caiiwDi^ 
•oxide. 


Sect.  VI. — Of  Oxy^arbttretted  Hydrogen  Gases. 

There  are  obtained,  in  diiFerent  processes,  inflaffliMbk 
elastic  fliuds,  which,  in  their  combustion,  afford  carbonic 
acid  and  water  in  different  proportions,  and  which  f^!^^  1 
therefore,  to  be  compounds  of  carbon,  hydrogen,  ani  oxy- 
gen, and  as  such«may  have  the  common  name  of  oxy-car- 
buretted  hydrogen  applied  to  them.  There  is,  hoirwff» 
much  difficidty  in  discovering  their  composition,  eqsecMi" 
ly  with  regard  to  th^  proportions  of  their  constituent  parts, 
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and  it-iseyeii  ttat^BBfyto  estaUiih  tbpb  qpecifie  dktmc- 
tisKtmi'BO'Wt  detenkme  whether  scone  of  them  are  not;  muct 
tvtfes  (]£olSifin<  In  thk'iinpGrieGt< state  of  our  knoifriedge 
on  4lus'flnlgeot^  it  will  be  Buffidaiti to  point  out  tfaoae>i^ 
Adax  ./whi^  ore.  afforded  by  unifond  psf ceetesy.  and  to 
^ftste  briefly  their fnr<q^ties>  and'tfae.host  estiMshed&cts 
JKith.rej^drto^  tflMir  onolyaia^ 

.  If-TKOter  b^pafised'oTer  diorcoal  in  a  tube  raia^to  a 

xcd  heal,^  a,  hagtt  qdantit{y  of  ekstic- fluid  is  obtaincd/'oonr 

sisting  partly  .df  carkinio  aoid».  and  partly  of  an  inflftounlb- 

bie  jgas  I.  the  faraaor  baviii%  been  £icn»ed  by  -the  -oeoilamar 

iion.of 'thevo^grgen  of  aportionof  .jthe  water  with- port  of 

Ihe  cj[ifllrcdal»  the  other  from  the/oooibinaticdi  of  the  hy^ 

dtogea  of  the  decomposed  water  witk  another  p<Mrti0n  of 

chaccooli  ihe  cadbonic  add^s^abstraded  byagitatiohwith 

water:;  tbeinflaitimaUegasTeskaiiili*'  Jt  lm»  b^en  named 

Carburetted  Hydrog^^on  the  8Uppoedttf»n  that  it  i»  a  com* 

pound  of  carbon:  and  hydrogen.     Thisy  however,  is  irery 

doubtfuL     The  quantity  of  carbonic'  add  produced  does 

not  bear  the  dneproporticm  to  the  quantity  of  inflamma- 

hie  gas  whkh  it  ought  to  do»  did  the  whcde  of  the  oscygen 

of  the  decomposed  water  enter  into. combination  with  car« 

bon  so  as  to  lorm  that  acid ;  a  poition  of  oxygen*  therefore, 

enters  into  combination  with  the  hydrogen  and  casbon,  and 

the  inflammd[)le  gas  is  thus  a  ternary  compound  of  these 

dementi    It  accordingly  deposites  a  quantity  of  .water  in 

its  combustion;,  thk,  Cruickshank  supposed^  might  have 

pre-<existed  in  it,  but  the  quantity  is  too  large  to  admit  of 

this  ^pposkion^  especiaUy  as  the  carbonic  add  produced 

m\x^t  also:  hold  a  portion  of  water  ,combih<KL 
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This  gas  has  a  wpedBcgemrkyccfiaftacf&A'^Mk  atmo^ihsr 
lie  air  as  11  to  25w    It  is  inflammdhte,  bat  leas  so  Am 
p«Dre  hydrogen ;  it  bimiB  iritli  a  bfaie  lambeot  flfl^       100 
measures  of  k  cwnhine  in  burning  wilb  65  mmsuiiii  of 
oxygen,  and  prodnDe  40  of  carbonic  acid  gas,  witii   ^ 
grakis  of  water  deposited^  besides  die  qnantily  irtadi  may 
be  retained  dissolved  by  the  carbonic  acid  gas.     It  i&  ex- 
tremely deleterioiis  in  its  action  on  the  living  aystesn  when 
xeoeived  into  the  hmgs*    An  animal  fareatfaiiig  it  pare  is 
€imott  instantly  killed  i  and  even  ^tHien  diluted  iridi  iN> 
parts  of  atmospheric  ^,  It  produces^  when  respired,  adc- 
ness,  Tertigo>  Jhyntifig,  and  other  symptoms  it£  eKhansrrf 
power.    It  has  the  peculiar  effect  on  the  blood  of  givHig 
to  it  a  florid  red  hue^ 

Odier  elastic  fluids»  oomposad  prindpaltpr  ofcadxm  aod 
Ir^adiogen,  widi  probddy  a  proportion  of  oaiygeD,  m  dis^ 
engaged  in  the  deoomposition  of  various  vegetable  pro- 
ducts by  hesEt    Thns^  by  passing  the^  vapour  of  camphor 
through  a  red  hot  tube^  one  13  obtained  considerably  hea* 
•vier,  and  iw^otit  in  bnrritng»  oonsiimes  more  dian  donbie 
die  quantity  of  oxygen,  lOO  cubic  mches  comlMnii^  widi 
176  of  Gsygengas,  and  forming  116  of  carbonic  add  gas, 
with  18  grains  of  water  deposited.    The  vapour  of  edier 
or  of  afliohcd  passed  through  an  i^uted  tube  affiunds  si- 
milar gases,  rath^  lighter,  however,  and  consuming  in 
dieir  oombiistion  lets  oxygen.     100  cubic  inches  of  die 
gas  from  ether  combines  in  burping  widi  170  of  oxygoi 
gas,  and  a£Rxrd  108  of  carbonic  acid  widi  18  grains  ofva- 
^ter  deposited :  of  the  gas  from  alkohol  100  cubic  mcfaes 
in  burning  c<»nbine  with  118  of  oxygen,  and  afiprd  75  of 
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add  gag  with  13  of  water  deposiled*  I^  gas 
Krhich  arisen  £rom  maarsbesy  duengaged  probably  from  tbe 
:1b1ow  decoinpoflltion  of  yegetaMe  matlmrv  i»  aamiiar  "to  ihe 
gaa  from  camphor  of  cdier  dfcoitqmed  by  beat;  and  Dr 
Henry  has  fouDd>  tbat  the  gad  winch  cpUecte  m^oalmines^ 
and  is  known  by  the  name  of  Fbre  Damp,  is  of  a  similar 
''oatttre  with  an  intermixture  of  carbonic  acid  gaa  and  at- 
mospheric air.  • 

All  these  elastic  fluids  can  the  anal^tal  by  liie  operation 

pf  toother  poWerfYil  ch^aiicid  9geM-vipcn  them,-**oigr'»mu- 

.  riatic  acid  ga«.    'If  mixed  witibi  tbem  condensadon  sp^Mi- 

}y  takes  {dace*  apd  the 'whole  is  oenvotad  into  water,  <»*- 

bonic  acid)  and  muriatic! acid:  the OK^nramtic  aoidi  acv 

.  cording  to  the  theory  which  has  usuaft^  been  received  lof 

its  cGsnpo^ition,  being  a  compound  of  muriaitic  acid  and 

oxygen)  and  afibrding  this  ^K^gen  to  ibe  fay^iogen  and 

carbon  of  the  inflammable  gas*    A  similar  action  is  escrt- 

ed)  accompanied  wittk  detonation^  when  the  electric  spark 

is  transmitted' through  the  mixture  of  these  gases.     Car- 

bonic  oxide  does  not  detonate  widi  otxymiufiatic  add  gas, 

•   and  this,  independent  of  other  cbarader^diamminates  it 

from  these  gases,  «aid  farther  readers  k  piobiAifc!  that  no 

hydrogen  exists  in  its  composilion. 

An  elastic  fluid  of  the  same  family,  but  poMessed  of  cha- 
racters still  more  djstificdy  marked,  is  that  which  has  m-^ 
ccived  the  name  of  Olcfiant  Gas.  It  is  fermedduringthe 
latter  stage  of  the  process  ctf  the  formation  of  what  is 
named  Su^huric  Ether,  by  the  action  (rf  su^uric  add  on 
alkohol  at  a  high  temperature  $  or  it  can  be  Obtained  di« 
tcctly,  and  in  large  quantity,  by  mixing  three  parts  of  ml- 
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ptkvaic  acid  by  weight  with  one  part  of  elkohci,  and  sub- 
mitting the  mixture  in  9  i«tort  to  a  moderate  heat.  An 
dferveacence  is  soon  excited,  the  elastic  ftiid  discngnged 
is  the  olefiant  gas  mixed  with  a  portion  ofaiipburaas  acid 
gas ;  the  latter  is  abstracted  by  agitation  widi  water,  and 
the  former  remains  pure. 

This  gas  derives  its  name  from  the  singular  chemical 
property  it  exhibits,  that,  when  mixed  with  oxymuriatic 
acid  gas,  concletisation  of  the  two  gases  quickly  takes  plax^e, 
and  a  liquid  is  produced  from  dieir  mutual  action,  which 
.collBcts  first  in  a  fibn  on  the  surface  of  the  water,  and  af- 
terviwds  into  globtxles  luiving  all  the  appearance  of  oil;  it 
is  rather  heaivier  than  water,  and  hence  the  globules  soon 
sink }  it  is  whitish  and  semi-transparent,  has  a  smell  some- 
what aromatic  and  a  sweetish  taste.     By  agitation  with 
water  it  is  dissolred*     The  theory  of  its  produeCion  is  not 
very  well  ascertained ;  for  it  remains  doabtful  whether 
oxygen  is  commimicatod  frbm  the  oxjmuriatic  acid  to  the 
entire  principles  of  the  olefiant  gas,  so  as  to  convert  them 
into  this  product,  or  whether  it  combines  principally  with 
its  hydrogen,  learvmg  the  other  principles  in  that  state  of 
combination  whence  it  is  formed.     Mr  Davy  has  found, 
that  muriate  of  potash  is  formed  by  the  action  of  potas- 
sium on -k,  and  has  suf^sed,  therefore,  that  it  may  be  a 
^    con^x>und  of  oKymuriatic  acid,  carbon  and  hydrogen, 

Qlefiant  gas  has  a  specific  gravity  very  nearly  the  same 
as  atmospheric  air,  the  difference  being  only  as  909  to 
1000.  It  has  an'  odour  slightly  fetid ;  is  absoi-bed  in 
small  quantity  by  water ;  it  bums  vith  a  dens^  ofly  flame, 
and  the  mission  of  much  light  j  and  if  pre^aously  mixei 
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Mth  a  siiffieient  quantity  of  atmoq)heric  air  or  'oxygen 

ifasy  detonates  with  much  violence.     Of  any  of  these  in-> 

Hammable  ga^es,  it  is  the  one  which  consumes  the  largest 

qunntiiy  of  oxygen  in  its  combuBtfon,  and  gives  the  ]argtes€ 

product  of  carbonic  acid;   100  measures  of  -  h  i^Mjuiririg^ 

acoot^ng  to  Dr  Henry's  0c|>erinients,  S2d  of  oxygen  for 

its  perfisci  combustion,  and  producing  200  measures  of 

carbonic  acid.   From  its  greater  specific  gravity  compared 

with  the  other  inflammable  gases,  it^  is  evident  that  its 

princ^les  are  in  a  state  of  greater  condensation;    and 

from  the  large  ^piantity  of  oxygen  it  consumes^  it  is  also 

cvidenti  that  not  much  of  that  element  exists  in  its  orni- 

position,  but  that  it  must  consist  chiefly  of  carbon  and 

bydffogen.     Berthollet  has  supposed  that  it  is  composed 

ef  75  of  carbon  and  26  of  hydrogen* 

Olefiant  gas  is  disengaged  in  other  processes,  though 

not  perfectly  pure*    It  is  formed  by  passing  the  vapour  of 

alkohol  either  over  ignited  siliceous  or  argillaceous  earth. 

From  the  gas  which  is  dbengaged  in  the  decompositiim 

of  wood,  and  o9  some  inflammable  v^^etable  produots  bjK 

heat,  burning  with  a  dense  oily  fiatiae,  it  is  probafaljr  ole^ 

fiant  gas  in  a  state  of  greater  or  le^  purity.    It  appears^ 

too,  that  the  gas  disengaged  from  the  bituminous  matter  of 

coal  by  heat,  and  which  has  been  applied:  to  the  purpose 

of  affefding  illumination  by  its  comimstieo^  is  of  a  simUar 

natuie.    It  bums  with  a' dense  oily-'like  flame,  evten  when 

it  has  been  freed  by  wa^ng  from  the  bitoninous  maCter 

suspended  in  it;   and  it  consumes  in.  burning,   as  Dc 

Heory  has  found,  a  very  large  quantity  of  oxygen  gas, 

and  affords  a  laige  product  of  carbonic  acid.     It  appears, 

however,  from  his  observations,  not  to  be  precisely  the 
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same  with  the  ol^lant  gas^  tbou^  it  is  nndonbtedljr 
analogoiis  eonstitutkn.     The  gaaes  disengaged  horn  k 
deconiDoaitioa  of  oil  oad  of  wax  by  heat  aHe  aimihri  ui 
the  flame  they  give  in  burning  coiiiaists  duefi/  cftbk  el» 
tic  fluid  evolved  by  the  heat,  and  in  astate  ofcoobostkiiL 
With  regard  to  all  the  gases  which  haye  novWade' 
scribed,  it  may  be  remarked,  in  condttdtsg  dicir  hiatoiy, 
that  it  is  not  unprobable  that  their  chemical  constitiidoD 
is  not  mnform,  but  is  Uafaie  to  variadons  fixun  theQpen< 
tion  of  the  circumstances  under  which  they  are  ^mei 
Qurbon,  hydrogen,  and  oxygea,  are  prindpfa  batii^ 
mutual  affinities  so  equally  adjusted,  tkit  they  appw  to 
be  capable  of  entering  into  union  in  numeroufl,  aadftih 
h^M  in  indefinite  proportions,  add  the  a^gfatest  nriaim 
of  tanperature,  and  c^  other  circumstances,  viSkvet 
matanal  influence  on  their  combination.    TbecyenOoo 
of  audi  circumstances  is  acoordin^y  conqwcaow  in  tbc 
diferent  nature  of  the  daadc  fluids  diseBgagcd  in  tk 
above  processes,  from  very  alight  diflferences  in  die  p 
cesses  by  which  they  are  procured.     It  fa  fir  &«■  1^ 
improbable,  too,  as  Dr  Henry  has  remarked,  tbt  tkoc 
gases  may  often  be  disengaged  in  a  state  rfinttmoW 
by  which  thqr  will  appear  to  be  still  more  diversified  tw 
they  actually  are.    He  has  supposed,  with  Mr  d^ 
that  ay  these  gasea  may  be  mixtures  of  two  apaa^ 
Carburatted  Hydrogen,  obtained  in  the  decoo^^^ 
water  by  charcoal,  and  the  Olefiant  Oas,  with  flOOM^ 
portions  o£  carbonic  oxide  or  pure  hydrog^  ^^ 
more  doubtfuL 


OF  PBOWHORIC  ACID. 


*7» 


sssc 


CHAP.  IV. 

« 

OF  PHOS?HQRIC  ACID>  ITS  BASE,  AKD  THEIR 

COMBINATIONS. 

Phosphoric  add,  by  deoompoaitioii,  ttflSMrds  phospho^ 
msy  a  'substance  distinguished  by  its  high  inflammability , 
and  which,  so  fiir  as  the  processes  of  analysis  have  been 
carried,  is  the  base  of  this  acid,  forming  it  by  oomtmia- 
tion  with  oxygen.  With  a  smaller  proportion  of  oxygen^ 
it  forms  Phosphoms  Acid.  With  hydrogen  it  prodnces 
an  elastic  compound.  It  unites  with  sulphur  and  the 
metals,  and  is  chemicaUy  acted  on  by  the  aHcalis  and 
earths. 


SfiCT.  l^^OfPkospkorus. 


I   < 


It  was  known  to  some  of  the  alchemists,  that  a  sab* 
stance  night  be  procursd  which  bums  qsontaneoosly  on 
exposure  to  the  air.  Kunckel  made  known  the  probess 
fay  which  they  obtained  it,  that  <tf  distSing  urine  to  diy* 
ness,  and  urging  thesdid  residuum  with  a  strong  heat^ 
the  phosphoric  acid  existing  in  the  sails  of  th^  laine  beui|| 
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decomposed,  and  its  oxygen  abstracted  by  the  animal 
matter.  By  the  addition  of  charcoa],  this  decompositioD 
is  facilitated :  and  the  product  is  also  increased^  by  an  un- 
provement  introduced  by  Margraaf,  that  of  adding-  a 
tion  of  muriate  of  lead,  which,  by  abstracting  the  ph^ 
phoric  acid  from  the  soda  and  lime  with  which  it  is  in 
part  combined,  allows  it  to  be  more  easily  decomposed. 

Still  the  process  was  oiiensive  and  difficult ;  and  phos- 
phorus is  now  obtained  with  more  facility,  by  decomposi/igr 
phosphoric  acid  in  a  purer  form.   Scheele  discovered,  tb&t 
the  solid  matter  of  bones,  obtained  by  burning  them  to 
whiteness,  is  a  compound  of  phosphoric  acid  and  lime. 
This  reduced  to  powder  is  submitted  to  the  action  of  hatf^ 
its  Wei^t  of  su^oric  acid,  diluted  with  from  10  to  TO 
parts  of  water,  aiding  their  mutual  action  by  the  apphcsr- 
tion  of  a  moderate  heat.     The  sulphuric  acid  exerts  an 
•i&nity  to  the  lime,  and  combines  with  a  portion  of  it ; 
the  phosphoric  acid,  holding  the  remaining  lime  in  com- 
bination, is  obtained  by  lixiviating  the  materials  with  boil- 
ing water ;  the  solution  of  super-phosphate  of  lime  thus 
procured  is  evaporated  to  dryness ;  the  dry  mass  is  mixed 
with  half  its  weight  of  charcoal  powder,  and  the  mixture 
is  urged  with  a  fire  gradually  raised  in  an  earth^i  retort 
with  a  wide  neck,  to  which  a  copper  tube  is  adapted,  the 
extremity  of  which  dips  in  water ;  the  charcoal  attracts 
die  oxygen  of  the  phosphbiiic  acid,*  and  the  phos^Aoras  is 
▼olatiiiped  and  condenses^  partly  iii  the  tube  and  partly  in 
die  water.     The  process,  frcMn  the  great  infhunmabSit}^  cf 
the  pfoAMUAi  requires  considerable  eanc.    The  phosphonis 
has  d  brown' colour,  frota  ;the  presence  of  a  small -quantify 
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0{  carbonaoeoQB  matter,  which  is  removed  l^  stFaining  it 
tlBroagh  leather  when  melted  imder.wBrm  water,  or  by 
digesting  it  with  a  littk  nitric  or  oiq^uriatic  add.  When 
melted  uiider  water  it  is  run  into  moulds,  so  as  to  beform- 
ed  into  cylindrical  pieees. 

Phosphorus^  mhea  pure,  is  nearly  ccdourless,  and  is  se^^ 
nu-tninsparent.  It  has  the  consittenceof  wax,  with  rather' 
more  toitUoa^ss* .  Its  finacture  ia  often  radiated^  shewing  a 
crystalline  structure,  and  by  alow  cooling  it  can  even  be- 
crystallized  in  octobedrons.  It  mdts  at  99^  of  Fahrenheit,- 
is  volatilized  at  219^,  and  boil  at  554^ 

.  Exposed  to  atmoqiheric  air  jt. emits  white  fumes,  and  in* 
the  dark  appeans  Ipmiaousy— »appearances  arising  from  its- 
oombustion.  If  heated  to  lOOthis  is  brighter ;  and  at  160 
it  bums. with  the  emission  of  much  heat  and  light.    Its 
xs^d  combustion,  is  alio  excited  by  friction  without  heat: 
Inosygen  gas  its  coinbustion  is  extremdy  vivid,  and  the 
heat  and  light  intense.     A  fact  rather  singular  is,  that  the 
sloW;  combustion  at  k>w  ^temperatures  does  not  take  place 
in  oxygen  gas. as  it  does  in  atmospheric  air  ;<  the  heat  re- 
quires to  be  raised  to  above  80,  or  even  to  100 ;  and  be- 
.  low  60,  the  {jiosphorus,  if  the  oxygen  is  pure,  has  not 
even  in  the  dark  any  luminous  i^pearance.     From  the 
experiments  ima4e  to  determine  the  cause  of  this  pecu- 
liarity, it  appears,  that:the  Aow  combustion  of  phosphorus 
in  atmospheric  air  is  an  indirect  process;  the  pho^horus 
is  dissolved  in  toudl  quantity  by  the  nitrogen  gas,  anfl  in 
this  state  being  presented,  to  die  o^gen,  combines  with 
it :  hydrogen  gas  has  the  same  pr<^r(y  of  dissolving  it, 
and  hence  a  little  nitrogen  or  hydrogen,  added  to  oxygen 
Vol.  I.  H  h 
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gisy  ift  nkieli  tfaiphofQi  is  fflbced) 

did  lumiiMius  appeazaBce  froin  ifae  slow  oombiifldon* 

« 

The  dxm  combwtioii  of  phcMfdiarai  iB  ntammpbmic  air 
aAMnk  a  very  sioiple  eadiometrical  proeev.     Tke 
measured  in  a  tube,  divided  into  100  cqoal  pBili,  ia 
ftrrediiitoaiiolh0rtid>er8ctlierlaigiar9  iBwidAJtrnfrnyiaff^ 
te  die  aetioii  of  a  cylinder  at  phiMphothM,  atfpoftad  ia  « 
gla6»  rod|  the  oxygen  is  gvadoify  abstractcdy  aad  theimtN 
duel  of  the  conribinalioitiaafasorbed  fay  diear»lar  av9 
the  air  it  cosfined.  The  diminutiett  of  iNihme  is  narivtjihfd 
at  the  end  of  the  experiment,  by  transferfiflg  die  ait  intD 
Che  graduated  tube.  This  method  is  easy  ift  Am  esecBtite: 
the  result  is  obtained  in  a  km  hours;   and  it  kas  ti» 
adrantal^e  of  indkating  when  the  prooeas  is  coiimhuui  Cha 
rise  of  white  vapouts  firmn  the  phoifiiioiiii  aad  lai 
nous  i^pearanee  in  the  dark  amtimiing  whib 
is  present,  and  ceasing  when  die  whole  of  it  has  btm 
abetracted.    It  requiges  oidy  one  coryectifln  ^  im  aiUiigm 
g^  dissdring  a  small  portion  of  phosphmws^  Mtemes 
from  this  an  inereaae  of  Tohune,  and  hence  the  diiriaittiim 
idth  this  method  is  never  so  great  as  with  softieof  ^ 
others^    He  augmentation  of  volume  amounts  to  Aaak 
a  fintieth  {  allowance  is  therefore  to  be  made  f&t  ttds^  so 
that  if  the  residual  gas,  when  die  experilnent  haa  been 
made  aa  atmospheric  air,  be  equal  to  80  par^  in^Keatiiig 
an  abstraction  of  oxygen  equal  to  SO,  the  real  voioiEie  ii 
78,  indicating  an  abstraction  otcxygea  equal  to  9S. 

Phosphorus  is  easify  oxygenated  by  other  mthrirsnai 
It  bunufi  in  oxy«muna|tic  acid  gas,  audio  nitric  oxide  gaii 
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Mid  aba  iA  mtroaaacid  Tapoiir,  and  receif^es  dagrgen  from 

Wlwn  saturated  with  oxygen,  it  IcnuM  a  ixfnatte  acid, 
the  Phpapliorie*  When  die  oxygenation  is  less  pei&ct^ 
what  is  named  Phospfaorous^  Acid  is  prodaced.  Tk^  ex- 
istence of  an  oadde  of  pkos|^orQ8  has  also  been  suppo-* 
aed,  bat  is  not  deaify  estaUkhed. 

Fhoflphonis  forms  with  hydrogen  an  elastic  componnd» 
highly  inflammakle.     Its  compounds  with  sulphur  in  dif- 
ferent proportions  are  Hiewise  more  inflammable  than 
pure  pho^horus.     With  charcoal  it  spears  to  form  an 
imperfect  condnnation.    It  unites  with  the  greater  num- 
ber of  the  metals,  and  forms  compounds  retaining  to  a 
certain  extent  asfftnllir  lustre.    With  the  metallic  bases 
of  .tlie  aftalisy  it  forms  similar  compoaDda    The  alkalis 
and  alkaltiM  earths  act  upon  it,  and  enable  it  to  decom* 
poae  water,  whence  phosphnretted  hydrogen  is  produced* 
InffanmnJde  liquids,  as  aUcohol,  ether,  mkd  d!ie  oik, 
either  expressed  or  volatile,  dissolve  phosphorus,  eqpedal* 
ly  when  their  action  k  akkd  fay  very  moderate  heat.  The 
sohitiana  in  oik  are  luminous  when  exposed  to  the  air, 
with  scarcely  any  sensible  heat.    The  sdution  in  aikohol 
gives  a  vivid  momentary  iMuniination  when  dropped  on 
wateiv  and  the  {dMephorus  k  precipitated  from  it. 

Fhosphoms  haa  beoi  regarded  as  a  simple  substance; 
Mr  Davy,  submitting  it  to  the  action  of  galvaniam,  found 
l^drogen  to  be  produced  from  it  in  sudi  qnant^,  that 
it  can  scarcely  be  considered  as  an  accidental  ingredient ; 
.  and  forther,  finding  that  idien  acted  on  by  potassium,  the 
conqpomid  formed,  when  tidimitted  to  die  action  of  an 

Hh2 
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acidy  evolves  less  hydrogen,  than  the  same  quantity  of  vb- 
combined  potassium  would  have  done,  he  cx>i]cliided  that 
it  contains  oxygen,  that  it  is  a  compound  therefore  of  a 
substance  unknown,  with,  small  quantities  of  Ofsygen  and 
hydrogen.  His  subsequent  researches  have  searcdj 
confirmed  this,  but  have  rather  rendered  it  prabaUe,  that 
the  phenomena  whence  the  conclusion  had  been  drswo 
arise  from  the  presence  of  a  little  water  in  phoqphoru& 


Sect.  II. — Of  Phosphoric  Acid. 

Phosphoric  add,  obtained  by  the  combustion  of  Phos* 
phorus,  is  a  flocculent  substance  of  a  white  colour,  whidi 
deliquesces  on  exposure  to  the  air.  The  phosphanis,  m 
burning,  absorbs  its  own  weight  and  a  half  of  oxygen  : 
the  acid,  therefore,  consists  of  60  of  oxygen,  and  40  of 
phosphorus. 

Phosphoric  acid  is  obtained  most  economically  firom  the 
decomposition  of  the  phosphate  of  lime  of  caldned  bone, 
'by  sulphuric  acid,  by  the  process  already  described.  To 
the  solution  of  super-phosphate  of  lime,'  carbonate  of  am- 
monia is  added,  the  ammonia  of  which  combines  with  die 
phoq[>horic  acid,  forming  phosphate  of  ammcmia,  whidi  re^ 
mains  in  solution,  while  the  carbonate  of  lime,  foimed  by  tk 
union  of  the  carbonic  acid  with  the  lime,  is  precipitated: 
the  phosphate  of  ammonia  is  procured  solid  by  evapon- 
tion,  and  being  exposed  to  ft  full  red  heat,  the  ^wwiwiniV  is 
expelled,  and  the  acid  is  fiised.     It  is  still  liable  to  rc^ 
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^  mkinte  portion  of  lime. .  It  is.  tlierefore  best  obtained  in 
n  state  c^puri^  by  the  oxygenation  of  phosphorus.    This 
is  done  either  by  the  action  of  nitric  acid,  or  amply  by 
exposing  sticks  of  phosphorus  to  the  air,  in  a  wide  vessd, 
in  which  the  vapqnrs  of  the  phosphorus  acid>  formed  by 
the  spontaneous  combustion  of  the  phosphorus,  are  con- 
densed.    A  small  portion  of  nitric  acid  is  added  to  the 
liquid  to  complete  the  oxygenation,  jthe  water  is  ev^>o- 
rated,  and,  by  raising  the  heat,  the  phosphoric. add  may 
be  fused.     It  then  forms  a  glassy-like  substance,  nearly 
transparent,  which,  from  exposure  to  the  air,  attracts  humi- 
dity, and  forms  a  liquid,  dense,  colourless,  and  inodorous. 
Phosphoric  acid  has  a  high  degree  of  acidity.     Its  affi- 
nities to  the  alkalis  and  earths  are  strong  $  and  it  exceeds 
the  other  acids,  with  the  exception  of  the  fluoric,  in  the 
power  of  neutralizing  the  alkaline  properties.    It  does  not 
act  with  much  energy  on  the  metals  or  inflammables,  ow- 
ing to  the  strength  of  affinity  with  which  the  oxygen  is  re- 
tained in  combination  with  its  base;  but  it  combines  with 
the  metallic  oxides.    Its  salts  are  named  Phosphates.  The 
alkaline  phosphates  are  soluble  and  crystallizable,  and  mdt 
into  a  glass.     The  earthy  phosphates  arc  in  general  inso- 
luble. 

Fhosphatt  of  Potash  can  scarcely  be  ciystallized}  but 
forms,  by  evaporation  of  its  solution,  a  gelatinous  mass, 
which  attracts  humidity  from  the  atmosphere ;  its  taste  is 
saline,  with  a  degr^  of  sweetishness.  Esqmsed  to  heat,  it 
•  liquefies,  and,  afier  the  expulsion  of  the  water,  in  fused  by 
the  a{^lication  of  a  red  heat  into  a  glass* 
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w^uitc  acid  by  wdght  widi  one  part  of  alkohd)  and  sub- 
mitting the  xmxtiire  in  a  retort  to  a  moderate  beat.  An 
,  effisrveacence  is  «oon  excited,  Ae  elastic  fluid  disengaged 
is  the  ole&nt  gas  mixed  with  a  portion  of  siilpfauroas  acid 
.gas ;  thektter  is  abstracted  by  agitation  with  water,  and 
the  former  remains  pure. 

This  gas  derives  its  name  from  the  singular  chemical 
property  it  exhibits,  that,  when  mixed  with  oxymuriatic 
acid  gas,  concUnsation  of  the  two  gases  quickly  tak^  place, 
ami  a  liquid  is  produced  from  their  'mutual  action,  which 
•ooiiects  firat  in  a£lm  on  the  sur&ce  of  the  water,  and  at- 
tewwrds  into  globtiles  faaiving  all  the  appearance  of  oil ;  it 
is  caAear  heafier  than  water,  and  heme  the  globules  soon 
.aiiik ;  it  is  whitish  and  semi^transpiarpnt,  has  a  unell  some- 
wluit  aromadc  and  a  sweetish  taste.  By  agitation  with 
water  it  is  dissolted4  The  dieory  of  its  production  is  not 
very  well  ascertained ;  for  it  remains  doubtful  whether 
oxygai  is  communioated  ^m  the  oxymuriatic  acid  to  the 
entire  principles  ^f  the  olefiant  gas,  so  as  to  convert  them 
into  this  product,  or^wfaether  it  combines  principally  with 
its  hydrog^i,  herring  the  other  principles  in  that  state  of 
combinalasn  whence  it  is  formed.  Mr  Davy  has  ibuhd, 
that  nniriate  of  potash-is  formed  by  the  action  of  potas- 
dma  on-k,  taai  has  supposed,  tlierefore,  tliat  it  may  be  a 
compound  ofcsxynrariatJc  acid,  carbon  and  hydrogen. 

Qlefiant  gas  has  a  specific  gravity  very  nearly  the  same 
as  atmospheric' air,  the  difference  being  only  as  909  to 
1000.  It  has  an"  odour  slightly  fetid  j  is  absorbed  in 
small  quantity  by  water  j  it  burns  with  a  dense  ofly  flame, 
iind  the  emission  of  much  %ht  j  and  if  previously  mixed 
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ivith  a  sufficient  quantity  of  atmofipheric  air  or  oxygen 
goAf  detonates  with  much  yiolence.  Of  any  «f  these  in- 
flammable gajses,  it  is  the  one  which  consumes  the  krgest 
quantity  <^  oxygen  in  its  combustkm,  and  gives  the  hrgtesf 
product  of  carbonic  acid)  100  mcafiutes  of  ili^Mjuiring^ 
according  to  Dr  Henry's  experiments,  S2B  of  oxygen  for 
its  perfect  combustion,  and  producii^  200  measures  of 
carbonic  acid.  From  its  greater  specific  gravity  compared 
with  the  other  inflftmmcible  gases,  il^  is  evident  that  its 
principles  are  in  a  state  of  greater  condensation;  and 
from  the  large  ^antity  of  oxygen  it  consumes,  it  is  also 
evident,  that  not  much  of  that  element  exists  in  its  oom- 
positibn,  but  that  it  must  consist  chiefly  of  carbon  and 
hydn^n.  Berthollet  has  supposed  that  it  is  composed 
of  75  of  carbon  and  ^5  of  hydrogen* 

Olefiant  gas  is  disengaged  in  other  processes,  though 
not  perfectly  pure.  It  is  formed  by  passing  the  vapour  of 
alkohol  either  over  ignited  siliceous  or  argillaceous  earth. 
From  the  gas  which  is  disengaged  in  die  decompositiim 
of  wood,  and  o#  some  inflammable  v^^etable  products  by 
heat,  burning  with  a  dense  ofly  flaihe,  it  is  probaUjr  ole*' 
fiant  gas  in  a  state  of  greater  or  le^  purity.  It  appears^ 
too,  that  the  gas  disengaged  from,  the  bituminous  matter  of 
coal  by  heat,  and  which  has  been  applied:  to  the  purposd 
of  affording  illumination  by  its  comfaustion,  is  of  a  similar 
native.  It  bums  with  a  dense  (Mly-<like  flame,,  even  when 
it  has  been  freed  by  washing  from  the  bituminous  matter 
suspended  in  it;  and  it  consumes  in  burning,  a&  Dc 
Henry  has  found,  a  very  large  quantity  of  oxygen  gas, 
and  afibrds  a  large  product  of  carbonic  acid.  It  appears, 
however,  from  his  observations,  not  to  be  precisely  the 
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Phosphate  of  Soda»  a  salt  employed  in  iiiedicixie»  and 
for  soitte  chemical  purposes^  is  prepared*  by  additig  to  &e 
acidukms  phosphate  of  lime^  obtained  from  the  decompo- 
Aitian  df  burnt  bones  by  sulphuric  acid^  as  much  i^  a  so- 
hition  of  caibonate  of  soda  as  may  be  siifficieiit  to  saturate 
the  phosphoric  add ;  phosphate  of  lime  is  pred^itated,  and 
the  water  holding  dissolved  the  phosphate  of  soda,  is  s^ 
parated  by  filtraticm  \  by  eraporation  the  salt  is  ciystaUi- 
ased,^  its  formation  in  regular  crystals  being  promoted  by  a 
shg^t  excess  of  alkali*  The  fonn  of  the  crystals  is  a  riiom- 
boidal  prism.  They  effloresce  on  exposure  to  the  airt  are 
sohiUe  in  three  parts  of  cold  water,  and  in  half  that  quanti^ 
of  boiling  water.  The  taste  of  this  sak  being  purely  sa- 
line, without  any  bitterness,  it  has  been  inlroduoed  into  the 
practice  of  medicine  as  a  substitute  for  other  aperient  salts. 
'As  it  mehs  easUy,  and  promotes  the  fiukn  of  die  eartha 
and  metallic  ocddes,  it  is  used  as  a  flax,  in  analyses  pen- 
formed  by  the  blow-pipe. 

Phosphate  op  Ammonia  is  soluble  in  four  parts  of  water 
at  the  temperature  of  60 ;  it  crystallizes  in  prisms,  which 
are  neither  efflorescent  nor  deliquescent.  By  e:q>06ure  to 
heat,  it  is  fused  into  a  transparent  glass,  and 
part  of  its  ammonia  being  expelled.  Heated  with 
coal,  its  acid  suffers  deccnnposition,  its  cocygen  being  ab- 
stracted,  which,  is  not  the  case  with  the  other  phosphates. 
Like  the  phoq)hate  of  soda,  it  may  be  used  with  advan- 
tage in  analyses  by  the  hbw^pipe.  A  triple  cooifKHmd  of 
phosphoric  acid,  soda  and  ammonia  is  obtained  from  seve- 
ral of  the  animal  fluids,  and  was  known  to  the  Msr  che* 
mists  by  the  name  of  Microcosmic  Salt 
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fuoBnusE  ibw  BAKmM  k  in  the  form  of  an  imipid 

{xnrder*  cf  fxmsidersUe  specific  gravity :  it  is  insohi* 

''Ue  in  water  ^  is  fusible  at  a  liigh  temperatoae ;  and  is  not 

decomi^osed  by  eiqposure  to  heat  mixed  with  carbonaceous 

matter. 

Phosphate  ov  Stbontites,  when  perfectly  neutral,  is 
very  sparing  soluUe  m  waler^  requiring  about  2000  parts 
&r  its  solution.  It  melts  into  an  enamel  by  the  flame  of 
the bkifir*pipe  ^^wiog  a  pbo^f^ioreaoenl;  light. 

Vuoeffua^  of  Lime,  formed  by  decomposing  the  so* 
fattiott  of  an  alkaline  phosphate  by  muriate  of  lirae,  is  tin 
the  Atafee  of  a  white  powd^,  insoluble,  and  which  is  impeiv 
fect^  ntrified  fay  a  very  intense  heat  It  exista  in  the 
niaeral  Idi^gdom  under  difierent  Ibnns,  and  is  the  base  of 
caloifted  boaie*  Wheo  jpartiaUy  decomposed  by  an  add 
which  exerts  an  afimiliy  sufficiently  powertid  to  lime,  it  is 
^  converted  into  a  super-phoqphate,  wbi<^  is  soluble,  and, 
by  evi^poraticm  of  its  soluiion,  crystollizcs  in  silky  fibces 
or  in  brilliant  scales,  which*  by  heat*  are  fused  into  a  trans* 
parent  glass. 

Phosphate  OF  Maonssia,  Ibrmed  from  the  dhoectcem* 
bination  of  the  add  and  the  earth,  orystaMiees  in  pnsms 
which  are  efflorescent,  a^duble  in  about  50  parts  of  cold 
wttter,  aiid  in  a  smaller  quantity  of  boiling  water,  and 
wiuch  by  heat  mck  into  a  glass.  Phosphate  ot  Akgu. 
forms  a  white  insipid  powder :  it  melts  befoone  'the  flame 
of  the  blow-pipe  into  a  transparent  ^obule.  Phos- 
phate OF  ZiBcoN  is  insoluble.  Phosphate  of  Olucine 
is  in  .the  form  of  a  white  powderj  .or  of  a  viscous  substance, 
insipid,'  and  insoluble  in  water,  buf  rendered  soluUe  by  an 
excess  of  acid.     It  is  melted  by  heat  into  a  transparent  vi» 
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treous  globule.     Phosphate  of  Ittrxa,  formed  by  com- 
plex affinity,  is  insoluble^  being  thrown  down  in  a  gda- 

tinous  precipitate. 


Sect.  III. — Of  Phosphorous  Acid, 

This  acid  is  formed  19  the  slow  combustion  of  pboqpho-' 
1116  in  atmospheric  air.  It  constitutes  the  white  vapour 
which  arises  from  the  surface  of  the  phosphorusy  and  which 
attracts  water  from  the  atmoq)here,  so  as  to  be  condensed, 
and  forms  a  dense  liquor^  which  has  a  smeQ  slightljr  fetid, 
and  a  taste  extremely  sour.  When  exposed  to  heat,  part 
of  the  water  is  volatilized ;  and  as  this  proceeds,  a  va^ur 
is  formed,  which,  disengaged  at  the  surfeoe,  aflbrds  a 
dense  'white  smoke,  attended  even  widi  a  luminous  ap-^ 
pearance,  visible  in  the  dark,  and,  by  continuing  the  heat 
until  this  ceases,  the  phosphorous  acid  is  deprived  of  its  pe- 
culiar smell,  and  is  converted  into  phosphoric  add.  From 
this  experiment,  some  chemists  have  been  disposed  to  con- 
sider phosphorous  acid  as  merely  phosphoric  acid,  hold- 
ing a  portion  of  phosphorus  dissolved,  the  luminous  va- 
pour being  probably  phosphorus  held  in  solution  by  the 
watery  vapour.  By  longer  exposure  to  the  air,  the  add 
passes  slowly  and  imperfectly  to  the  state  of  phosphoric 
acid.  The  change  is  effected  more  speedily  by  adding  a 
little  nitric  or  oxy-muriatic  acid. 

Phosphorous  acid  unites  with  the  alkalis  and  earths, 
forming  salts  named  Phosphites.     These,  in  several  of 
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their  properties,  resemble  the  phosphates.  They  are.dis- 
tingoished  from  the  phosphates,  by  appearing  liunjnous 
when  heated  by  the  bloW'^ipe,  and  by  aflbrding,  by  distil* 
lation,  a  small  quantity  of  phosphorus.  They  detonate, 
too,  with  oxy-muriate  of  potash,  and  precipitate  gold  from 
its  solution;  in  a  metallic  state.  They  pass  very  slowly  in* 
to  phosphates  from  exposure  to  the  air.  <  Those  formed 
from  the  afldMs  are  sduble  and  crystailizable ;  those  from 
the  earths  are  insoluble,  but  acquire  solubility  from  an  ex- 
cess of  aicid.  They  are  so  imimportant  as  not  to  require 
farther  notice. 


■    Sect.  IV.— 0/"  Phosphuretttd  Hydrogen. 

This  compound  of  phosphorus  and  hydrogen  exists  in 
the  elastic  form.  It  is  obtained  by  combining  with  phos* 
phorus  a  substance  which,  by  a  resulting  affinity,  shaD 
enable  it  to  decompose  water.  Tiius,  if  one  part  of  phos- 
phorus is  heated  with  10  or  12  parts  of  a  solution  of  pot- 
ash, the  alkali  exerts  this  operation,  one  portion  of  the 
phosphorus  combines  with  oxygen  from  the  decomposition 
of  the  water,  and  forms  phosphoric  acid,  with  which  the 
potai^  combines;  another  portion  of  the  phosphorus  is 
dissolved  by  the  hydrogen  of  the  decomposed  water,  and 
the  elastic  compound  is  disengaged.  Another  process  is 
to  combine  phosphorus  with  dry  lime,  by  causing  the 
phosphorus  to  pass  in  vapour  over  lime  inclosed  in  a  tube, 
which  is  raised  to  a  red  heat.     This  pho^huret  of  lime 
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dt&pt  into  waler  isBtantly  dedomposes  it,  and  piuMpkttet* 
ted  hydrogok  rises  in  thegueou»  Sona,  the  fiaie  &Tourii^ 
tbe  actioii  of  the  phcMphorus  on  A»  watar»  as  the  potash 
does  in  the  odier  process. 

The  distingninhiiig  property  of  this  gas  is  its  hij^  in- 
BaXDmMikjp  in  eonsequence  of  which  it  takes  &m  isheo- 
erer  it  is  presented  to  the  atinofl|A«ric  aas»  Jt  oawott 
with  safisty,  be  miacbd  with  this  air^  even  iMbatt  qpoairti* 
ties;  it  is  therefore  merely  allowed  to  bum  aa  it  escapes 
from  the  water  in  which  the  extrem^y  of  the  rei»rt  om^ 
taining  the  materials  producing  it  is  immersed.  Fire* 
scnted  in  single  bid>bles  to  oi^ygsn  gas,  jts  combustion  is 
still  more  violent,  and  is  aoooB]|)anied  with  intense  ii^t. 
The  products  of  the  combustion  are  phosphorous  acid  and 
watery  vapour,  and  a  singular  appearance  is  presented  by 
these :  the  bubble  of  gas,  as  it  escapes  and  inflames,  eacpands 
into  a  horizontal  ring  of  U^^  white  vapour,  which  en- 
larges in  diameter  as  it  ri^,  until  it  breaks^  this  is  phos- 
phorous add  wafted  by  the  watery  vapour,  and  it  owes 
tins  form  to  the  eccentric  impulse  of  the  eaqpfesion. 

This  gas  is  permanoitly  elastic ;  it  is  qparini^ly  sohaUe 
in  water ;  its  srneU  is  fetid^  veiy  similar  to  that  of  putrid 
animal  matter,  though  more  fidnt  It  has  no  aeosible  sgjr ' 
dity.  By  remaining  over  water  it  is  decompoaed.  From 
the  products  of  its  combustion,  it  is  obvious  that  it  is.  a 
onnpound  of  phoqphoms  and  hydrog^  \  perhaps  with  a 
portion  of  oxygen.  Its  elementB  appear,  too,  to  coflnhine 
in  different  proportions  $  for  the  ga^  disewgagfid  ,at  the 
commencement  of  the  process  by  vdiich  it  is  usuaSy  ob- 
tained, is  not  so  highly  inflammable  as.  that  which  is  aft^r 
t^ards  formed. 
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SutPHOft  and  pihoflpfaorus  oomfaine  by  the  ipplieatioii 
of  heaty^e  mixture  of  them  being  usually  heated  under 
water  to  aroid  the  combustion  of  the  phosphorus,  and 
even  the  experiment  in  this  way  requires  to  be  conducted 
with  caution.  The  compound  is  nK>re  fiisifale  than  the 
phoflphorus alone;  its  fusibility  is  greatest  ^en  it  is  form- 
ed firam  about  equal  parts^  the  mass  remaidhg  liqpd  at 
temperatures  above  60^ ;  in  other  proportioDs  it  is  solid 
but  soft,  bk  its  fermsticm  a  portion  of  water  iqipears  to 
be  decomposed  i  and  when  the  heat  is  raised  a  little  high, 
phoqifauretted  hydrogen.is  disengi^^,  and  sotnetimes  so 
rapidly  as  to  pBoduoe  an  eii|i]osion*  A  portion  of  oxygen 
tharefore  probaUb^  exists  in  the  compositioii  of  the  com- 
pooad.  Dr  Briggs  has  given  a  process  in  whidi  the  sul- 
phur and  phofl|dKinis  are  combined  iti  the  dry  way :  heat 
being  applied  to  them  in  a  tube  firmly  coirkedfay,plunging 
it  in  warm  water*  and  raisil^  the  heat  gradua%  lintil  the 

water  boil* 

Jh  BtiggB  has  observed,  that  ^sc(»npoundiadiffarent 
from  that  formed  under  water*  When  asmaDproportioa 
of  su^ur  has  been  used,  it  is  solid  when  coldy  and  has  a 
crystafiiaed  appearance;  the  odier  is  spongy  and  firiaUe. 
The  former  k  kss  inflammable  than  the  latter,  but  is  ren- 
dered emially  inflammable  by  kin<Uing  it  in  the  tube  with 
a  hot  wire,  and  allowing  it  to  bum  far  a  few  seconds,  oxy-. 
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gen  probably  being  Gommimicated  to  it  from  the  air^ 
or  from  the  water  formed  bjr  the  combustion.  Both 
are  more  inflammaUe  than  phoq>horas,  and  hoice  these 
con^wids  are  employed  in  forming  the  phoephoric  match 
bottles ;  a  very  small  proportion,  however,  of  sulphur  being 
jBcUed  to  the  phosf^orus,  as  with  too  large  a  quantity  the 
compound  is  soft. 


CHAP.  V. 

OF  BORACIC  ACID,  ITS  BASE  AND  COMBINATIONS. 

The  salt  named  Borax  has  long  been  known  in  com- 
merce, and  applied  to  some  uses  in  the  arts.  It  is  a  native 
production  brought  from  Thibet  in  an  unrefined  state. 
It  consists  of  soda  combined  with  a  peculiar  acid,  which 
has  derived  fit>m  it  the  name  <^  Boradc  Acid.  The 
acid  is  procured  either  by  dissolving  the  borax  in  warm 
water,  and  adding  sulphuric  add,  which  oombuies  with  the 
'  soda,  and  the  solution  on  cooling  deposites  the  add  in  soft 
scales,  which  are  freed  from  any  adhering  sulphuric  add  or 
sulphate  of  soda  by  a  second  ciystalUzatipn ;  or  adding  to 
sulphuric  acid,  diluted  with  an  equal  weight  of  water,  two 
parts  of  borax  in  powder,  and  applying  a  moderate  heat ; 
the  sulphuric  acid  combines  with  the  soda,  the  boradc 
acid  is  volatilized  by  its  affinity  to  the  watery  vapour,  and 
comlenses  in  scales  in  the  neck  of  the  retort. 
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Boracic  acid  has  been  decomposed^  at  least'pajrtiafy,  by 
the  application  of  galvanism,  and  by  the  action  of  potas^ 
Slum.  When  it  is'  submitted  to  the.  action  of,  a  poweiffid 
galvanic  ba^ttery,  a  daik.  coloured  inflammable  -substance, 
Mr  Davy  Ibund,  is  produced' at  the <  negative  surface, 
which,  when  heated,  burns  slowly, and  rq^roduces  add 
matter.  When  .the  boracic  add  was  heated  with  an  equal 
weight  of  potassium,  .vivid  combustion  was  prodticed,  and 
a  substance  obtained  in  the  fiinh  ofan  olive  oolouredgiass, 
which,  when  dissolved  in  watery  dqK>sited  an  olive  ccJour-* 
ed  powder.  This  substance,  .e3q>osed>  to  heat,  is.nbiAer 
filsed  nor  volatilized,  nor  does,  it  undergo  much  change  ex- 
cept bdng  rendered  more  dense.  When  heated^under  ex- 
posure to  the  atmosphere,  it  takes  fire  j  and  bums  with  a 
red  light ;  in  oxygen  gas  it  bums  more  vividly.  In  both 
cases  boracic  add  is  formed.  It  is  also  (OLygenated  by  ni« 
trie,  sulphuric,  and  oxy-^muriatic.adds,  and  boracic  add  is 
produced.  It  is  not  dissolved  l^  hydrogen  nor  nitrogen : 
it  combines  with  sulphur  ^  and  forms  soluble  compounds 
with  the  fixed  alkalis.  This  substance^  Mr  Davy  regards 
as  standing  in  the  ^ame  relation  to  boradc  add,  that 
sulphur  or  phosphorus  does .  to  sulphuric  or  phos- 
phoric acid,  though  it  is  probaUy  not  the  simple  base* 
In  combining  with  potassium  it  forms  a  compound  ha- 
ving a  degree  of  metdHic  lustre,  in  which  probabfy  the  pure 
base  is  contained.  To  this  base  Mr  Davy  assigns  the 
name  of  Boradum;  it  may  be  metallic,  and  the  oUve 
coloured  substance  is  perhaps  an  oxide.  Oay  Lussac  and 
Thenard  disAvered  the  same  inflammable  matter,  andob- 
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served  die  different  states  of  caaiatiam  thrdu^  %hieh  it 
passes  b^oore^t  foms  the  acid. 

Borodc  acid  is  in  the  form  of  irfdte  brilEaiit  scales,  aoA 
to  the  touch  (  its  taste  is  faitteridi,  widi  a  sl%lit  degree  of 
sourness ;  it  reddens  die  v^jetaUe  colours.  It  h  not  A 
tered  bjr  exposure  to  the  air  $  is  soluUe  in  SO  parts  <£cfM 
water,  and  in  5  of  bdMng  water.  It  is  sdso  adnble  in  ai* 
kohol,  and,  what  is  a  distinctive  character  of  it,  gives  te 
the  flame  of  alkofaid  in  burning  a  gieen  oobiir. 

Exposed  to  a  moderate  heit  it  swtdUs  ^  when  the  heat  is 

.  raised  ti0  redness,  it  is  fused  into  a  glass,  which  is  aohtale 

^  again  in  waler.     By  the  inbst  intense  heat  it  is  not  volad* 

Used;  butif  water  be  present,  the  aqueova  vapour  elevates 

with  it  a  portion  of  the  add* 

Boracic  add  combines  with  the  a&ahs  and  several  of 
the  eartlis,  fbrming  compounds  named  Borates,  lliese 
retain  the  property  of  oonununicatti^  a  great  ooionr  to  the 
,  flame  of  alkohoL  Hey  are  decompoaed  I9  aB  die  adds, 
the  catbonic  ciLoepted,  in  the  hunnd  way ;  but  in  die  dry 
way,  the  boracic  add,  from  its  great  fixity,  is  aUe  at  a 
high  temperature  to  decimipose  those  salts,  die  add  of 
whidi  has  a  tendency  to  assume  the  gaseous  form.  The 
aflcaline  boratcB  are  veiyaolnUe  in  water,  while  the  earthy 
Sift  the  reverse. 

BoBAtB  or  Potash,  like  die  odier  borates,  has  aten- 
jdcncy  to  form  with  an  eauess  of  alkali ;  it  is  sohible  inw»- 
ter  ^  bj  slow  eviqaoradon  its  sohition  affiirds  jmamatieciy- 
fitals,  wfaidi  arenotohangedby  exposnretodieair.  Itis 
iiiaed  into  a  glass  by  heat.  # 

Borate  of  Soda,  the  Borax  of  Commerce,  is  a  native 


OF  BORACIC  ACID.  495 

l^fDdBOlmij  \wg  oblained  from  a  lake  in  Th|bet|  finom 
the  sides  of  which  it  is  dug  up,  md  wibare  there  appears 
la.  be  a  fnnflfWtf  reproduction  o(  it.  In  the  state  in  which 
it  is  ia^rtedf  it  is  impure^  but  is  purified  by^cakination^ 
solatiMi  and  crystallization.  In  the  state  in  which  it  is 
met  with  in  the  shops^itisintheforBaof  crystaOinemassest 
of  a  figure  irrcgolari  but  approaching  to  an  hesKaedral 
prisQQu  It  is  not  perfectly  neural,  but  contains  an  excess  of 
soda,  which  seems  necessary  to  cause  it  to  dyftalUze,  the 
selutioi;!  of  theneutfal  salt  Ibrming  by  evaporation  a  gelati- 
nous  Biass :  it  is  sohible  in  12  parts  of  cold,  and  in  6  parts 
^f  boiliBg  water ;  it  is  very  BU|^itIy  effloteseent,  when  ex- 
posed to  a  fliodemte  heat^  it  melts  firon^  dte  water  of  cry- 
staUimtion  it  contains  ^  when  this  b  evaporated,  there  te^ 
maiils  a  spongy  white  mass,  named  Calcined  Borax.  If 
the  heat  be.raised  to  ignition^  this  is  melted  into  a  pellu- 
cid ghss  which  sufiera  no  deccwspositioQ.  It  is  decompo- 
sed by  the  greater  number  of  the  adds  and  fay  potash  and 
the  earths,  the  former  uniting  with  its  alkali,  the  latter 
"with  its  acid.  From  the  fiidli^  with  which  it  mehs  and 
brings  other  substances  into  fusion^  it  is  of  use  in  some 
arts,  as  in  making  of  glass,  espedaily  the-fber  glass  for 
imitating  the  gems,  in  assaying  minerals  by  the  blowpipe, 
and  in  sdldering  the  more  valuable  metals. 

Borate  of  Amhonia,  though  little  known,  has  been 
described  as  being  obtained  by  evaporation  of  its  solution 
in  prismatic  ciystals,  of  a  shaip  taste,  and  which  change 
the  vegetable  cofeurs  to  a  green,  evidently,  therefore, 
containing  an  excess  of  aflcali. 
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Borate  of  Baeytbs. — ^This  compound,  formed  bjr 
adding  boracic  acid  to  barytic  water,  is  precipitated  in  the 
form  of  a  white  powder,  insipid,  and  insohible. — Bobate 
OF  Strontites  forms  a  ^similar  precipitate,  wfaidi  iqp- 
))cars,  however,  to  have  an  excess  of  base,  and  whidi  dis- 
solves in  180  parts  of  boiling  water.— Borate  of  Limb 
is  precipitated  in  the  state  of  an  insoluble  powder,  white 
and  insipid.-^BoRATE  of  Magnesia  is  obtained  by  eva- 
poration, in  a  ciystalline  mass,  of  no  regular  form.  With 
the  addition  of  lime,  it  f<»ins  a  mineral  substance,  known 
by  the  name  of  Boracite.  It  occurs  crystallized,  in  cubes, 
which  are  so  hard  as  to  scratch  glass ;  semi-transparent ; 
ef  a  white  colour,  with  a  shining  histre. — Borate  of 
ARGit  is  obtained  by  evaporation  of  its  sohition,  in  the 
form  of  a  viscid  substance,  dirough  which  minute  crystab 
are  interspersed,  having  a  very  astringent  taste. 

Boracic  acid  acts  very  feebly  on  the  metak,  but  may  be 
cbmhine4  with  their  oxides  by  a  complex  affinity. 


m^mmmm 


CHAP.  VI. 

OF  FLUORIC  ACID,  ITS  BASE  AKD  COMBINATIONS. 

This  acid  exists  in  the  mineral  known  by  the  name  cf 
Fluor  Spar,  in  which  it  is  comlnned  with  lime,  and  from 
which  it  was  obtained  by  Scheele,  who  made  known  its 
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priocpal  prgperlies.    It  has  sixice  been  discovared  is  a 

&v  other  min^rak;  and  the  discovery,  rather  onexpectedy 
has  niQre  recentlj  been  made,  that  it  exists  in  the  animal 
kingdom,  particularly  in  the  enamel  of  the  teetl^,  aXKl  in 
the  £bssil  or  petrified  teeth  of  the  deplumt. 

It  was  ranked  ns  one  of  the  undccomposed  acids,  its 
base  being  altogether  unknown.  By  the  action  of  potas- 
sium, however,  on  it,  piienomena  have  been  produced,  in- 
dicating its  decomposition. 

Wlien  ix^tassium  is  heated  in  fluoric  acid  gas,  Ijfr  Da- 
vy found  that  it  burns  ;  a  groat  portion  of  the  gas  disap- 
pears ;  and  if  a  sufficieut  quantity  of  potassium  has  been 
employed,  tlie  residual  gas  is  hydrogen,  and  the  quantity 
of  it  is  less  as  the  acid  gas  has  been  more  free  from  w»- 
ter.  A  substance  of  a  chocolate  colour  is  icnrmed.  This 
burns  when  heated  in  atmospheric  air,  or  in  oxyjgen  j  oxy^* 
gen  is  absorbed,  and  acid  matter  formed*  It  may  be 
concluded,  therefore, .  that  it  contams  the  base  of  the  flu^ 
one  fK'id  ;  but  it  is  probably  not  this  base  in  a  pure 
state,  but  in  a  state  of  oxidation  combined  with  potassium. 
Experiments  with  results  nearly  similar  were  performed 
by  Gay  Lussac  and  Thenard. 

To  obtain  fluoric  acid,  fluor  spox  in  coarse  powder  is 
submitted  to  tlic  action  of  twice  its  weight  of  sulphuric 
acid.  The  o{)eration  must  be  performed  in  a  leaden  re* 
tort,  from  a  singular  property  of  this  acid,  that  it  dissolves 
siliceous  eaith,  and  hence  acts  on  glass.     The  sulphuric 

■ 

acid  combines  with  the  lime  of  the  fluor  spar,  and  the 
fluoric  ncid  assumes  the  gaseous  form.     The  gas  may  be 
collected  over  mercury,  as  it  is  absorbed  by  water ;  or  if  it 
Vol.  I.  I  i 
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is  to  be  condensed,  the  retort  is  connected  with  a  leaden 
receiver,  containing  a  sufficient  quantity  of  water.  Yet 
it  is  difficult  to  obtain  it  pure ;  it  is  liabk  to  have  a  slight 
contamination  of  lead,  and  a  portion  of  silex  often  adheres 
to  it,  derived  from  the  fluor  spar.  From  this  it  may  be 
freed,  by  saturating  it  with  an  alkali,  and  decomposing 
this  compound  by  an  acid. 

Fluoric  acid  gas  is  permanently  elastic,  and  heavier 
than  atmospheric  air }  it  has  a  pungent  suffi>cating  odour, 
is  corrosive,  and  highly  add.  It  has  a  strong  attraction 
for  water,  so  thut  when  presented  to  the  atmosphere, 
white  vapours  are  ipmediately  formed  from  its  attracting 
the  watery  vapour ;  and  when  dry,  .it  takes  water,  as  Gay 
Lussac  and  Thenard  have  remarked,  from  almost  every 
other  gas.  When  transparent,  however,  it  does  not  i^ 
pear  to  retain  much  combined  with  it.  It  is  largely  ab- 
sorbed by  water,  and  the  liquid  when  saturated  is  highly 
acid  and  caustic ;  it  emits  white  vapours,  but  the  whole  of 
ake  acid  gas  cannot  be  e^cpclled  from  it.  Either  in  the 
gaseous  or  liquid  state,  it  does  not  act  very  powerfully  on 
the  metals  or  inflammables. 

It  combines  with  the  alkalis  and  earths,  forming  salts 
named  Fluates*  They  are  generaUy  deliquescent,  and  not 
easily  crystallized :  the  fluoric  acid,  in  power  of  neutraliz- 
faig  the  alkaline  properties,  exceeds  the  other  acids  :  hence, 
if  this  be  admitted  as  the  test  of  the  strength  of  acidity, 
it  is  the  most  powerful  of  the  acids,  and  its  apparendy  less 
energetic  action  is  to  be  ascribed  to  its  not  being  obtained 
liquid  in  a  sufficient  state  of  concentration. 

Fi/UATE  OF  Potash  is  very  soluble  in  wateri  and  its  so- 
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lutioB  evaporated  does  not  crystaBize,  but  becomes  gelati- 
nous, or  forms  a  foliated  mass,  which,  when  urged  by 
heat,  is  melted  and  decomposed. — FtuXTK  OF  Soda  has 
scarcely  so  much  affinity  to  waiter ;  it  affords,  when  evapo- 
n^ed  to  ihe  consistence  of  hoi^ey,  small  oblong  crystals. — 
Fluate  of  Ammonia,  when  in  solution,  becomes  gelati- 
nous on  evaporation^  and  in  this  jeQy  crystals  form  which 
are  deliquesent,  mdt  on  exposure  to  heat,  and  are 
auUimed  with  partial  decomposition. — Fluate  of  Bary- 
TES  being  considerably  more  soluUe  dian  fluate  of  lime9 
this  acid  has  been  employed  as  a  test  to  discriminate  be- 
twe^n  these  two  earths. — jF^uate  of  Stbontites  being 
of  sparing  solubility,  is  precipitated  when  it  is  formed.*^ 
Fluatb  of  Lime,  in  its  native  state,  forms  the  Fbior  Spar» 
which  is  often  regularly  crystallized^  Obtained  by  digest- 
ing liquid  fluoric  apd  on  lime,  it  is  in  a  very  diffinrent 
state:  the  solution,  even  when  eviqporated  to  a  jelly,  does, 
not  aflbrd  crystals.  It  is  insipid,  and  insoluble  in  water. 
It  is  phosphorescent  from  he^  a  prpperty  which  be- 
longs alsp  to  the  native  fluate..  It  is  fused,  by  a  violent 
heaty  into  a  transparent  glasi^, — Fluat^  qp  M4P9£8XA> 
obtained  in  spl^tipn,  by  digesting  fluoric;  acid  on  mag- 
nesia, is  gela^inou^.—- Fluate  of  Argil  does  not  crystal- 
lize, but  assumes  on  evaporation  the  copsisfepcp  of  a  jelly ; 
its  taste  is  astringent. 

Fluate  dp  S|l^x  is  a  opippound  so  singular  as  to  rev 
quire  piore  digtipct  npticp,  this  earfh  being  scarcely  acted 
on.  by  any  ot)ier  a(u4  ^  ^^  humid  way.  It  combines 
with  the  fluoric  acid,  either  when  the  acid  in  its  gaseoMs 
8|ate,  or  combined  with  water^  is  brought  to  act  on  if,  or 
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OD' almost  any  oompoun^  containing  it  Thusi  when  tbe 
acid  is  disengaged  from  fluate  of  lime,  if  the  e3q)eriment 
be  made  in  a  glas&-yessc]|  part  of  the  sikx  of  the  glass  is 
dissolved ;  or  if  a  little  flint  in  powder  has  been  mixed 
with  the  materials,  the  fluoric  aci.d  gas  holds  dissolved  a 
Jarge  portion  of  silex.  It  retains  it  in  solution,  when  re- 
ceived over  quicksilver;  but  when  presented  to  water,  a 
considerable  portion  is  separate^)  and  forms  a  gelatinous 
matter,  retauiii^g  a  Uttje  acid ;  ,an^  the  acid,  absorbed  by 
the  water,  has  a  portion  of  the  earth  combined  with  it. 
If  the  liquid  fluoric  acid  be  kept  in  a  glass-vessel,  it  acts 
cJowly  upon  it ;  or  if  digested  with  quartz  or  flint  in  pow- 
dcr  it  becomes  impregnated  with  silex,  and  after  a  length 
of  time  crystals  are  dq)o$ited,  whix^h  are  affirmed  to  be 
fluate  of  silex.  Fioni  th^  strong  affinity  of  this  acid  to  si- 
lex, it  retains  a  portion  of  it  in  combii)atio|i  with  other 
salifiable  bases,  forming  tepiaiy  compounds ;  or  if  previ- 
ously combined  with  these  bases,  it  still  acts  on  and 
dissolves  a  portion  of  siliceous  earth.  The  acid  from  thi^ 
power  is  employed  to  engrave  on  glassji .  being  ^plied 
eitheir  ip  the  ga^u$  of  liquid  formr 
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OF  M3D9tTATIC  ACID,  OXT«»mmiATIG  ACID,  AND  TmiR 

C09D»lXA'rH>l^S^ 

Fbom  Sea  Salt,  an  acid  k  procured  by  distiltation  with 
sii){pliuric  acid,  formetly  known  to  chemists  by  the  name 
of  Spirit  of  Salt,  now  named  Mnrtatie  Add.  It  exists  as 
a  permanent  gas,  but  is  condensed  by  water  in  very  large 
qnantitjs  and  forms  a  liquid  acid  of  considerable  strengdr. 

This  acid  resists  the  usual  methods  of  chemical  analy- 
sis,  and  its  composition,  therefore,  was  altogether  un^' 
known*  Girtanner  had  supposed  hydrogen  to  be  its  base, 
from  finding  that  thi!^  element  is  etohed  when  it  is  sub-. 
mitted  to  the  action  of  oxidiffable  bodies :  and  on  similar 
grounds  BerthoQet  supposed  it  to  have  a  compound  base* 
of  hydrogen  and  nitrogen,-— conjectutes  not  supported  on 
any  decisive  c^^nce,  as  any  relation  which  it  apparently 
had  to  hydrogen- might  be  accounted  fin^firom  the  portion 
of  water  combined  with  it. 

More  lately,  some- singular  facts  hare  been  estat£riied 
with  regard  to  the  influence  of  water  in  combination  with 
nuiriatic  acid,  and-  these  have  even  suggested  to  Mr 
Davy  a  very  diftrent  view  of  the  constitution  of  this 
acid.  On  obtaining  tbc  acid  gas  as  dry  as  possible,  and: 
heating  pota^ium  in  it,  there  is  a  violent  chemical  action 
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widi  ignidim  $  the  add  gas  wlioOy*di8a|ipeai!s ;  inott  tfaafi 
one-^Urdof  its  vohiine  of  bjdrogett  gas  is  evolved ;  and  M 
the  sai»pOflitioii  diat  tbis  is  derived  firmn  water  nmatned 
ill  tlie  nmriatie  add  gas»  there  is  reason  to  infer ,  that  the 
add  in  its  oommon  aeiife An  state  mUst  contain  one4hird 
of  its  wcfgfat  of  water,  llfr  Davy  finther  found,  that  mu-* 
riatic  aeid  oould  not  be  disengaged  from  its  dry  €OHibina« 
tions  by  other  concrete  adds9  from  muriate  of  lime,  for 
example,  by  dry  phosphoric  or  boradc  acid,  by  the  ap|di- 
cation  of  h^at  ^  but  if  water  were  added,  it  k  extrieated  in 
laxge  qoantity^-'-'an  eiqperiment  which  appareBti^  proves 
the  necessi^  of  water  to  the  consdtutiMk  of  muriatic  i|dd 
gas«  Similar  results  had  been  obtained  by  Gay  Lossac 
and  Thenard.  It  had  also  been  known,  that  when  muri'- 
atic  add  is  subjected  to  the  action  of  the  electric  sparic, 
hydrogen  is  evolved,  and  this,  even  when  the  gas  had 
been  previously  rendered  as  dry  as  possiUeY  by  being  ex». 
posed  to  substances  which  have  a  strong  affinity  to  waters 
All  these  facts  may  be  eiqdained  on  the  hypothesis  that 
muriatic  add  contains  watdr  in  a  states  of  intimBte  comO^ 
nation  $  hot  Mr  Davy  has,  from  other  speculaticms,  been 
led  lately  to  give  a  differeaat  theoiy  of  them.  In  subont^ 
ting  muriatic  acid  to  the  action  of  substances  whidi  affiird 
oxygen  easily,  it  is  converted  into  a  safaatance  which,  be- 
ing siqpposed  to  be  a  compound  <^  muriatic  add  and  Oj^*- 
gen,  has  been  named  Qxy-muriatic  Add.  Ihis  oonchi* 
sion  Mr  Davy  has  called  in  questicm :  oipf-moriatic  add  he. 
regards  as  a  simple  body,  and  muriatic  add  aa  a  com- 
pound of  it  with  hydrogen.  The  gnmnds  an  whidi  tfiia 
fast  cendusaon  rests,  being  connected  vnik  the  theoiy  <sf 
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the  oonstitation  of  oxy-muxiatic  add,  wifl  be  best,  stated 
under  its  hirtory.     . 

MuiOATic  Acid  is  always  obtained  from  sea-salt  de* 
oomposed  bjr  sulphiiric  add,  one  part  of  the  add  bdng 
added  to  two  parts  of  the  salt  The  suiphiitic  add  com* 
bines  mith  the  soda,  whidi  is  the  base  of  the  sak  j  and  the 
nturiatic  add,  whidi  is  the  other  ingredient^  is  disengog* 
ed»  and  assumes  the  elastic  form.  The  gas  may  be  receiyed 
oVer  quidcsilver,  as  it  is  largely  and  rapidfy  absorbed  by 
water.;  or  if  it  is  to  be  procured  in  the  liquid  &rm,  the 
retort  containing  the  materials  is  connected  with  the  bottles 
of  WooUe's  apparatus,  in  which  water  is  placed,  by  which 
its  condensation  is  effected,  a  moderate  heat  being  applied, 
by  the  me^um  of  a  sand-bath,  as  long  as  any  add  is  pro-* 
dttced*  'Whei  the  process  is  carried  on  on  the  large  scale, 
the  distillation  is  fiidKfated  by  diluting  the  sulj^uric  add 
with  a  portion  of  water. 

Muriatic  add  gas,  when  free  from  watery  vapour,  is 
tranqparent  and  invisible ;  it  is  pungent  and  sufibcating$ 
its  spedfic  gravi^.is,  to  that  of  atmospheric  air,  as  1929 
to  1000.  It  es^tmguidies  combustion,  and  does  not  bum. 
By  water  it  is  instantly  condensed  in  very  large  <piantity, 
liie  water  absorUng  not  less  than  360  times  its  volume  of 
the  gas,  by  wluch  its  wei^t  is  doubled }  and  this  absorp- 
tion is^  attended  with  a  rise  of  temperature.  Ice  melts  in 
it,  cond^ascs  it,  and  produces  cokl. 

In  die  liquid  muriatic  add  obtained  by  the  usual  pro- 
cess of  distillation,  the  water  is  not'  completdy  saturated 
with  the  gas;  its  i^iecific  gravity  seldom  exceeds  1.170, 
and  the  strongest  that  can  be  easily  procured  is  that  of 
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1.196:  when  (^  this  strength,  it  contains^  accor^g' to 
Kirwan's  estimate,  25  of  real  acid.  In  its  common  state 
it  has  a  yellow  tinge,  but  this  arises  from  impuritj ;  and 
by  distilling  it  from  a  fittk  muriate  of  soda,  if  is  obtoinctt 
colourless.  It  emits  white  vapours,  having  a  pungoit 
smell,  and,  even  when  largely  dQuted,  has  a  very  sour 
taste,  and  reddens  the  vegetable  colours.  As  it  does  not 
directly  communicate  oxygen,  it  does  not  act  with  much 
energy  on  inflammable  substances ;  and  it  dissokres  metA 
only  by  enabling  them,  by  the  residting  affinity  it  exerts,  to 
decompose  water  and  attract  its  oxygoi ;  henee  these  so- 
lutions are  attended  with  a  disengagement  of  hydrogen 
gas.  It  combines  with  all  the  metaHic  oxides  ^  it  ako 
unites  easily  with  the  alkalis  and  earths.  Its  salts  are 
named  Muriates ;  the  alkaline  and  earthy  muriates  lure  so- 
luble  and  crystallizable,  and  have  in  general  that  tasl^' 
more  peculiarly  denominated  saline. 

Muriate  of  Potash' lias  a  taste  safine  and  siightiy  bit- 
ter *,  it  is  soluble  in  three  parts  of  ecM,  and  in  hdf  its 
weight  of  boiHng  water,  the  latter  solution  crystallising  on 
cooling ;  its  crystals  have  a  cubic  form,  but  arc  not  r^u- 
lar:  tliey  are  slightly  deUquescent,  and  they  decvepitiite 
when  heated.  Tliis  salt,  obtained  by  some  indh^et  die^ 
mical  processes,  is  used  in  the  manufacture  of  akun,  tmi 
as  a  flux  in  melting  some  of  the  metals. 

Muriate  of  Soda  is  the  salt  which  exists  in  iafgest 
quantity  in  nature.  It  is  the  principal  saline  ingredient  of 
tlie  ocean,  forming,  when  it  is  extracted,  what  is  named 
Sea  Salt,  rfnd  it  exists  in  immense  bedfe  in  the  ear^  fill- 
ing Rock  Salt.    In  thelatter,  it  is  generally  pure,  ct  has 
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m)jr  a  dight  Gontnikauiliaiu  Ikithefonneritis'lets  jiiive» 
a  portion  -of  other  sabs  aMefriug  to  it,  greater  or  less  ao» 
cording  to  tlie  methptl  in  whkb  it  is  procured.  In  warm 
diBiateft  it  is  firequeatkf  obtained  by  flpontaneous  evapora- 
tion, the  8oa-wfiter  being  admitted  into  shaUow  trenches 
Ij^  tbei9««^dei  and  flfmad  oi^er  an  extenrive  snr&ce :  as -it 
becomes  ^oocentratedl  by  the  evapbrati<Mi  of  the  water,  the 
hqiior  is  r^aoved,  by  sifiiees,  ie&m  one  trench  to  aniother^ 
•ntil  at  kngtb  the  mnriate  oi  soda  crystallizes  spontane- 
ously, and  with  scareely  any  iBtermixture  cS  the  other  salts. 
In  GoUar  dinaateS)  the  sea-water  is  evaporated  in  krge 
beikrs  t^  the  direct  appficatkm  of  the  heat,  and  the  eva^ 
poration  is  carried  so  far,  that  the  muriate  of  soda  co«- 
cvetes  in  smaB  crystals  on  the  surface  of  the  boiling  liquor : 
as  obtained  by  this  mode,  a  small  portion  of  muriiite  and 
sulj^te  of  magnesia  adheres  to  it,  which  render  it  sB^l^ 
deHqnescent,  and  somewhat  impair  its  antiseptic  power. 
The  processes  of  spoQtaneo<us  and  hasty.evaporafcicm  are 
sometimes  cokijcxnedy  and  a  sak  c^  intermediate  pority  is 
obtained* 

Muriate  of  soda  crystallizes  by  slow  evaporation  in 
cdbes;  it  has  a  saline  taste  with  scarcely  any  bitterness  \ 
is  stable  in  less  than  tkree  parts  of  coM  water,  and  its  s6- 
InbiHty  is  very  httle  increased  by  raising  the  temperature 
ev^i  to  212^;  hence  it  crystallizes  from  its  sdiution,  not 
by  cooling,  but  only  by  stow  evaporation.  Its  crystals 
neither  deliquesce  nor  effloresce ;  they  decrepitate  when 
suddenly  exposed  to  Iteat,  the  water  of  crystallization 
being  dissipated  in  vapour ;  the  sdt  melts  at  a  red  heat, 
and  at  a  more  intense  heat  is  voiatifized  without  decom-^ 
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pottUon*  It  u  decomposed  by  tlie  fixed  acidst  wbich  efpA 
the  muriatic  acid,  espedaUy  when  aided  by  heat. 

Muriate  of  soda  is  ib  common  use  to  ooonterad.tiae 
prooess  of  putrefiMrtion  in  animal  matter^  and  tfaeihearjr- 
of  its  antiseptic  oparation  is  not  well  miderstood :  it  iati^ 
ken  univeirsaBy  as  a  condiment  to  food,  and  it  is^anpkgml 
in  a  nmnber  of  chemical  arts.  The  decompooitionofitr  m> 
as  to  obtain  its  alkaline  base,  is  a  process  (tfsmch  hnpoit- 
ance,  as  afibrding  a  source  whence  soda  can  be  abimd«n<» 
ly  procured.    It  has  been  attempted  cm  the  laqge  scale  by 
the  intermedium  of  oxide  of  lead,  of  carbonate  of  potash, 
of  lime  and  iron,  of  su^huric  aidid,  and'  the  ■a]^)hate  of 
soda  being  afterwards  decomposed  by  tl^  joint  acdon  of 
iron,  lim^By  and  charcoal;  s<mie  of  these  processesare,  fiNMn 
local  circumstances^  frequently  carried  on  wilh  advantage. 

MuBiATE  OF  Ammonia.^ — This  is  the  sakunmoniac  of 
commerce,  an  important  salt  from  the  uses  to  which  it  in 
affiled,  and  whidi  is  generally  prepared  on  a  lai^  scale. 
The  processes  are  various,  but  in  general  a  sulphate  oi 
ammonia  is  procured  by  macoBtion  from  soot,  or  by  sa^ 
turating  the  impure  ammonia  obtained  in  the  disdBatiaB: 
of  animal  substances  by  adding  sul{^aric  addi  it  k  de- 
composed by  muriate  of  soda,  and  the  muriate  of  ammo* 
nia,  formed  by  the  operation  of  a  douUe  affinity,  ia  suhii- 
med.  It  is  thus  obtained  in  large  semi-^aioal  cakes 
of  a  crystalline  structure.  By  solution  in  boifing  water 
and  cooling  it  may  be  cxystallized,  its  crystals  b^^  fimv- 
sided  prisms.  It  is  soluble  in  Si-  parts  of  water  at  60^, 
and  in  its  own  weight  of  boiling  water.  It  is  voiatil!* 
zed  by  heat    It  is  used  in  soldering  the  metals,  and  in 
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aboie  ^  ihepnioaMi  of  djdiig;  and  it  it  finm  tUs  «k 

that  nmmoitia  is  usually  procured.  ; 

Muriate  of  Baxytes  is  soluble  iiK  three  parts  i^cold  wa- 

*  ter,.  and  in  a  smaller  quantity  of  hot  i^ater ;  it  crystaHisea 
firmn  the  latter  solution  on  cooling  in  quadrangular  tables. 
It  is  abp  sohibie  in  idkohol. — Muriate  of  Strcmtites  in  so 
solfdiie  as  to  icquire  not  more  than  Its  weight  of  tnrater  at 
W^  to  dissolve  it :  in  boiling  water  it  is  still  more  sdnblei 
aod  it  crystallizes  from  this  sdotion  on  cooling  in  ^riender 
8ix*-sided  [»isms:  its  crystals  are  ddiquescent. — ^Muriate 
of  Lime  is  also  extremely  soluble,  and,  from  its  sti^ng  a& 
finity  to  water,  imbibes  it  rapidly.  1^  coding  its  satura* 
ted  sdhition^  it  may  be  obtained  crystaffiaed  in  sbc-sided 
prisms;  these  crystals  are  so  deliquescent  that  they  are 
not  easily  obtained  dry,  they  liquefy  on  exposure  to  the 
air,  and  they  combine  nqpi^y  with  ice  or  snow,  causing  it  to 

^  mek,  and  thuii  producing  intense  cold. — ^Muriate  of  Mag* 
nesia  has  jsadti  an  afiinity  to  water  that  it  can  be  obtained 
in  acieular  crystals  only  by  exposing  its  concentrated  solu'i' 
tion  to  sudden  cold:  these  crystals  are  very  deliques* 
cent,  and  dissolve  in  less  than  their  wei^t  of  water :  the 
taste  of  this  salt  is  extr^ntely  bitter. — Muriate  of  Aigil 

can  scarcely  be  crystalUzed,  its  solution  becoming  gdati- 

• 

nous  on  evaporation  $  it  has  the  astringency  of  the  other 
aigiUaGeons  salts.*— Muriate  of  Glucine  is  sduUe  in  water, 
and,  by  evaporation,  can  be  obtained  in  smaU  crystda*— 
Muriate  of  Zircon  is  also  soluble,  and  affiyrds,  by  evapo- 
ration of  its  solution,  transparent  needle4ike  ciystals. — 
Muriate  of  Ittria  assumes  a  gelatinous  form.  On  Silex 
muriatic  acid  appears  to  exert  some  action,  as,  when  this 
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earth  is  neirtjr  predpitatedy  it  is  senatbfy  dissolved  by  the 
addition  of  the  acid. 


A  coitipoand  add  is  formed*  by  the  znixtiure  of  nuiriatic 
^d  and  nitric  add,  which  has  some  peculiar  properties, 
and  which  in  particiilar  dissolves  gold  with  iaciUty^ — a 
property  from  wUch  it  received  from  the  alchemists  the 
name  of  Aqua  Regia.     It  is  -obtained  by  mixing  one  part 
of  muriatic  with  two  parts  of  nitric  acid ;   during  their 
comUnation  the  formation  of  <ncy-nrariatic  acid  is  indicated 
by  its  odour,  nitric  oxide  gas  is  disengaged,  and  a  portion 
of  it  is  also  retained  in  the  liquid,  giving  it  a  dark  otvoigs 
colour.    It  has  been  concluded,  therefore,  that  in  the  mu- 
tual action  of  these  adds,  part  of  the  nitric  acid  is  decofn-^ 
posed,  its  oxygen  is  transferred  to  the  muriatic  acid,  and   . 
to  the  oxy-muriaiic  add  thus  formed  the  peculiai^  powers  of 
the  compound  have  been  aacribed.  It  appears,  however,  to 
be  chiefly  a  compound  of  nitric  and  muriatic  acids,  and 
its  energetic  action  on 'the  metals  appears  to  be  owing  to 
the  latter  acid  by  a  diqK>sing  or  resulting  afiinity  promo- 
ting the  decomposition  of  the  former,  fievouring  therefore 
Ae  communication  from  it  of  oxygen  to  the  metal,  with 
which,  in  its  oxidated  state  it  then  combines.    It  is  named 
Nitro-muriatic  Acid,  and  is  employed  in  some  of  the  pro- 
cesses  of  assaying. 
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Sect.  Ih'-^Qf  Ojcy-rimriatic  AciA  ' 

ScB££ts  ^aoo^redt  that  in  the  aduin  of  muriatic  acjgl 
'Oil  Made  oxide  of  maQgaoesej  the  add  wstains  ^veiy  inv- 
fiortant  changes  in  its  properties.  A  gas  is  disei^a§^  of 
a  greenish  yeilov  colour,  having  an  intolerable  soffiicajting 
odour,  not  so  easily  condensed  bgr  water  as  muriatic  acid 
gas,  having  much  less  acid  power,  and  peculiarly  distp^ 
guished  by  the  property  of  destroying  the  vegctal^i^  co^* 
Jours.'  Acoordii^  to  the  views  of  chemical  theory  the^ 
adopted*  he  concluded*.,  that  this  change  is  produced  ip 
•muriatic  acid  by  phlogii^n  being  attractedfirom  it  by^ 
•biaek  osdde  of  inanganeae.  He  thertfore  mwed  it  D^ 
phlogisticated  Muriatic  Acid. 

This  theory,  expressed  according  to  the  language  of  the 
more  modern  chemical  systemt  implied  m^rely^  that  the 
muriatic  acid  received.  pxygen<  The  new  product,  there- 
£>re,  was  named  Oxy*.muriatic  Acid,  and  this  view  of  its 
constitution  i^peated  to  be  confirmed  by  otiier  facts. 
The  oxide<  of  manganese,  on  which  it  had  acted,  was 
Ibund  to  be  deprived  of  much  of  its  oxygex^ :  when  the 
acid  was  submitted  to  the  action  of  substances  having  an 
attraction  to  okygen,  as,  for  example,  to  the  metals,  thfpe 
were  found  to  be  oxidated,  while  mpriatic  ^cid  was  at  the 
same  time  reproduced :  by  the  simple  experiment  even  of 
exposing  the  solution  of  the  oxy-muriatic  acid  in  water  to 
the  rays  of  the  sun,  very  pure  oxygen  gas  was  ibund  to  be 
produced,  accompanied  with  the  transilioB  to  muriatip 
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jicid )  Off  lastljt  if  the  oxy-muriadc  add  were  combined 
trith  alkaline  bases,  these  compounds  afforded  a  laxge 
ifmatity  of  pore  oxygesf.  when  decomposed  by  heat,  and 
in  this  case  too  miiriatic  acid  was  obtained.  AB  these 
fiicCs  nppeared  to  prove  imequivocattjTp  that  the  product  of 
the  actioR  of  muriatic  acid  on  oxide  of  manganese  is  a 
compound  of  that  acid  with  oxygen,  and,  in  conformity  to 
this,  it  was  fiirther  found,  that  it  mig^t  be  formed  by  the 
action  of  muriatic  add  op  c^nef  substance  capable  of 
aflbrding  oxygen. 

notwithstanding  die  apparent  strlcCiiess  of  these  con- 
dusions,  they  ha^  htdy  been  called  in  question  by  Mr 
Davy,  tfid  the  opposite  theory  has  been  advanced,  that 
OKy^-muriatic  acid  contains  no  oxygen,  but,  so  for  as  our 
knowledge  of  it  extends,  is  a  simple  siibstance  beknging 
to  the  same  class  with  oxygen,  or  possessed  Vke  it  of  the 
property  of  communicating  acidity  to  the  combinations 
into  which  it  enters.  He  was  led  to  doubt  of  the  existence 
of  oxygen  in  oxy-muriatic  acid  gas,  from  finding,  that 
aharcoal,  if  free  from  hj&tigen,  heated  in  i^  ph)duoes  no 
change,  though,  as  this  inflammaUe  has  so  strong  an  at- 
traction to  oxygen,  it  ought  to  abstract  it  if  it  existed  in 
the  oxy-muriatic  acid,  espedally  as  the  oxygen  has  been 
supposed  to  be  retained  in  this  acid  by  a  weak  aflSmQ^^ 
When  hydrogen  gas  and  oxy-muriatic  acid  gas  are<  pro* 
rented  to  each  other,  they  are  converted  into  muriatic 
acid :  according  to  the  common  theory,  this  must  be  sup- 
posed to  arise  from  the  combination  of  the  o^cygen  of  the 
oxy-mnriatic  add  with  the  hydrogen,  foiming  water» 
Put  Oay  Lussac  and  Thenard  have  found>  that  no  water 
is  deposited  in  the  experiment.    Mr  Davy  farther  found. 
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that  oxy-muriatic  acid  forms  onnbinations  widi  inilam'^ 
maUes  and  metals  ^  but  in  these  compounds,  while  water 
was  excluded,  he  could  discover  no  indication  of  the  pre- 
sence of  oxygen.  He  remaxics,  dierefore,  that  thai^e  is  no 
experimental  evidence  of  the  existence  of  oxygen  in  qx}j^ 
muriatic  acid ;  and  the  direct  inference  from  the  produe-^ 
tion  of  muriatic  acid  by  the  mutual  action  of  oxy-muriatie 
acid  and  hydrogen  is,  diat  it  is  a  cbmpound  formed  by 
dieir  combination*  On  this  hypothesis  may  be  explained 
all  the  &cts  whence  the  common  the6ry  of  the  constttu* 
tion  of  oxy-muriatic  acid  has  been  infisrred. 

This  view^  singular  as  at  first  it  i^ypeu^  to  be^  may  no 
doubt  be  maintained  $  yet  the  opposite  theory,  I  would 
remark,  may  still  be  defendedt  and  the  investigation  of 
this  important  sulgect  is  not  yet  sufficiently  advanced  to 
admit  of  any  certain  conclusion  being  drawn.  Ita  rela- 
*  tion  to  the  general  theory  of  aciditv  has  been  already 
considered. 

The  process  employed  by  Scheele  to  obtain  oX}'-muria» 
tic  acid,  consists  in  distilling  with  a  moderate  heat  muria^ 
tic  acid  diluted  with  an  equal  weight  of  water  from  black 
oxide  of  manganese.  It  is  more  economical,  and  succeeds 
equally  well  to  mix  with  the  oxide,  muriate  of  soda  and 
sulpliuric  acid  ^  four  parts  of  muriate  of  soda  being  taken 
with  one  of  black  oxide,  and  three  of  sulphuric  acid  pre- 
viously diluted  with  two  of  water.  Their  mutual  action  is 
fiivoured  by  a  very  gentle  heat.  The  sulfAuric  acid  com- 
bines with  the  soda  of  the  muriate  of  soda,  and  disengages 
the  muriatic  acid,  ^'hich^  according  to  the  corafnon  theoryi^ 
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• 

receives  oxygen  from  tlie  black  oxide  of 

according  to  the  bypotb^ds  of  Da^7,  the   oxji^en 

oxide  combines  with  the  hydrogen  of  the   ratrrxjil 

« 

and  formf  water,  while  tiie  other  principle  of  tlie  ai 
Oxy-muriatic  Acid  as  it  is  named,  is  disenga^fecl- 

Tbe  oxy«-muriatic  acid  produced  in  this  operation 
engaged  in  the  elastic  fonn,  and  if  it  is  to  be  submit 
examination  mider  tliis  form,  it  may  be  received  over 
water.  It  may  be  condensed  by  paasing  it  tlnrough 
water  in  the  bottles  of  Woolfe's  apparatus,  and.  may 
be  procured  in  the  liquid  form. 

Oxy*mariatic  acid  gas^  tliough  it  retains  its  elasticA^ 
low  temperatures  under  a  common  atmospheric  pressi 
may  be  condensed  by  applying  powerfol  pressure  to  iu 
is  the  oiily  gas  that  is  visible,  being  discovered  by  its  y 
lowish  green  colour }  it  is  heavier  than  atmospheric  sd\ 
its  odour  is  intolerably  suffocating,  and  even  when  lQrga\ 
diluted  with  atmospheric  air  it  produces  ascnseofsoffi>ci 
tion  when  it  is  respired. 

It  is  absorbed  by  water  in  a  quantity  larger  as  tlie  tern- 
pcrkturc  is  low ;  at  50^  tlie  water  takes  up  about  twice  iti 
volume.     When  the  water  is  saturated  with  it,  if  it  be 
cooled  below  40°  it  suffers  a  kind  of  congelation,  soft  scales 
^rc  formed  in  it,  and  even  ciystals  in  the  form  of  quadran- 
gular prisms  ;  these  are  tlie  compomid  of  the  oxy-muriatic 
acid  and  water  :  a  moderate  heat  soon  liquefies  it    The 
solution  has  a  yellowish  green  colour,  and  its  odonr  is  tbat 
of  tlie  acid  itself;  its  taste  is  rather  styptic  than  sour,  and, 
)ike  the  gas  itself,  it  has  the  property  of  destioyingthe  re* 
getable  cplours. 


lencpga 
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)  Hog  01^  Liquid  oxy*muriatic  add  is  decomposed  by  expoecare  to 
/  t&e  10022  ^^U  pure  oxygen  gas  being  disengaged,  and  muriatic 
iple  oftki  ^^  produced.  According  to  the  common  theory,  this  is 
]seiinsd  owing  to  the  separation  of  the  oxygen  from  its  combina- 
lis  opendt  ^^  ^^  ^^  muriatic  acid  :  according  tOi  the  theory  ad- 
0  hesiM  ^^^^^  by  Mr  Davy,  it  must  be  supposed  owing  to  the 
ceirfdflar  hydrogen  of  part  of  the  water  combining  with  the  oxy-mu- 
it  dm  ^^^^c  ^^d>  <^^  forming  muriatic  acid,  while  the  oxygen 
.  of  the  decomposed  water  appears  in  the  elastic  form.  From 

the  quantity  of  oxygen  given  out  during  the  exposure  to 
•   r^        the  solar  li^t,  compared  with  the  quantity  of  muriatic 
acid  found  to  be  in  the  residual  liquid,  Berthollet  infeiw 
red,  that  100  parts  of  oxy-muriatic  acid  consist  of  89  of 
,  muriatic  acid  and  1 1  of  oxygen.   Chenevix,  from  the  pro- 

,  ,  !  ducts  of  the  decomposition  by  heat  of  the  salt  wliich  oxy- 

"  muriatic  acid  forms  with  potash,  concluded,  that  the  pro- 
portions are  84  of  muriatic  acid,  and  16  of  oxygen. 

Oxy-muriatic  add  gas  supports  the  combustion  of  a  num- 
ber of  inflammable  substances.  A  lighted  taper  bums  in 
it ;  phosphorus  takes  fire  when  immersed  in  it,  and  a  num- 
ber of  the  metals,  as  antimony,  arsenic,  copper,  or  others,  if 
'introduced  into  it  in  leaves  or  filings,  bum  spontaneously. 
For  the  success  of  the  experiment  the  gas  must  be  pure, 
and  the  teni^rature  a^K>ve  70^.  In  these  combinations  it 
has  usually  been  supposed  that  the  oxj^^n  of  the  oxy-mu- 
riatic  add  is  combnied  with  the  inflammable  or  metafile 
substance,  and  that  with  this  the  muriatio  add  combines. 
According  to  Mr  Davy,  compounds  are  formed  of  the  in- 
flammables or  metals  with  oxy-muriatic  acid  $  it  is  only 
when  water  is  communicated 'to  them  that  oxygen  is  af- 
forded, the  <^yg»i  of  the  wister  being  transferred  to  the 
•  Vol.  I.  Kk 
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ipflmwwMihle  or  metii^  base,  while  the  hjdro£;«A  fisfins 
witlitheoxyHauiriaticpcidi  mumtic  acid  idiidb  unilw  mA 
llie  oxide. 

Hydrogen  and  pxy-muriatic  acid  gases  act  oil  each  other 
very  slowly  at  a  low  temjperature^  unksswater  be  admittad^ 
which  &vours  their  mutual  action*    If  the  dectxic  spai^ 
be  transmitted  through  the  mixture  of  them  they  doap- 
.fpaaTf  and  muriatic  acid  gas  is  produced.    Dalton  and  Qtj 
lAissac  have  also  obsenredi  that  a  similar  rapid  oomfaina- 
tion  is  produced  when  they  are  e:q>08ed  to  solar  li^bL 
Carburetled  and  sulphuretted  hydrogen  gases  are  decooH 
posed  by  it*  and  it  decomposes  ammonia* 

SuJ^hur*  if  introduced  in  fusion,  bums  in  ox3r-murui& 
aqd  gas  i  if  not  in  fusion  it  combines  with  it»  and  forms 
a  liquor  of  a  red  colour^  which  Dr  Thomson,  who  obser- 
ved  its  production,  has  considered  as  a  compound  of  oxide 
of  sulphur  and  muriatic  add,  Mr  Davy  supposes  it  to  be 
a  compound  of  oxy-muriatic  acid  and  sulphur. 

In  its  liquid  form  oxy-muriatic  acid  does  not  act  witb 
much  energy  <m  inflammables*  Some  of  the  uietals,  how- 
eyer,  are  di^scdved  by  it,  oxygen  being  previously  oanunn- 
nicated  to  tl^e  m^  dther  from  the  acid  or  the  water. 

Hie  most  important  chemieal  property  of  this  substance 
is  displayed  in  its  action  on  die  vegetable  colours.  Maaj 
of  tb^n  it  entirdy  destroys }  and  even  those  Hvhich  are 
most  deep  and  permanent,  sttch  as  the  colour  ef  ind^i 
it  raiders  &int,  and  changes  to  a  light  yellow  or  fanmn. 
Ber^Qet  applied  this  agency  of  oxy-muriatic  add  io  the 
^  process  of  bleaching,  and  with  such  success  as  to  lunv^o- 
tirely  changed  the  manipulatioiia  of  that  art.  The  me* 
thod  of  applying  it  has  besa  sibcessivcly  improved.  A 
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^^^  cMflfated  «l  int,  in  tabjcctiag  the  thread  or  doth  to  dw 
^  .  auction  of  the  add  in  the  gaseous  form,  but  the  efRwt  w 
this  wi^  was  wMqiiafly  produoedj  aondlrain  the  too  powers 
fill  aelion  of  die  add  gas,  Am  strength  and  t«xttire  vrere 
sMiedmes  injured/  It  was  then  appUed,  condensed  by  w»» 
ter,  and  in  a  certain  state  of  dihition,  the  Aread  or  dotb 
bdng  {H'epared  by  previous  boiling  in  water,  to  e:Ktract  aa 
much  as  possible  of  its  colouring  matter,  being  then  boil* 
ed  in  a  weak  solution  of  potash,  and  afterwards  immersed 
for  a  few  hours  in  the  diluted  oxy-muriatic  aeid ;  and  tUU 
alternate  aiq>llcatibn  of  the  add  and  alkali  being  contb* 
nued  until  the  colour  was  discharged.  To  avoid  the  oAn* 
she  suffiicallng  odour  of  the  acid,  the  improvement  was 
introduced  of  condoulng  the  acid  gaa  by  a  weak  solution 
of  potash :  lime  dlfflu^ed  in  water  being  more  eoonomkat, 
was  afterwards  substituted ;  even  slaked  lime  in  the  state 
of  powder  has  been  employed,  the  compound  it  forms 
with  the  acid  being  dissolved  in  water,  so  as  to  form  the 
bleaching  liquor  of  the  propor  strength.  Under  all  these 
forms  the  oxy-muriatic  acid  was  supposed  to  produce  the 
bleaching  effect,  by  imparting  oxygen  to  the  colouring 
matter :  the  colour  by  this  oxygenation  is  weakened,  and 
the  0Qk)uring  matter  is  at  the  same  time  supposed  to  be 
rendered  more  soluble  in  the  alkaline  sohition,  alternately 
Implied,  and  of  course  more  easily  extracted  fay  its  aetion. 
More  lately,  the  improvement  has  been  introduced  of  on- 
ploying  the  potash  alone,  its  solvent  power  being  aided  by 
applying  it  with  the  steam  of  water,  at  a  high  temperature 
under  increased  pressure. 

The  relation  of  oxy*muriatic  add  to  the  alkalis  and 
earths  is  peculier*    When  presented  to  the  aBiali  in  a 
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around  the  salt  becomes  of  an  oraiigB  coloiir,  bat  no 
siUe  product  can  be  obtained :  if  heat  is  applied  to  &V€m 
the  action,  an  eaqplotioD  is  produced,  or  if  this  is  airoided 
the  v^KWr  disengaged  has  an  intermixture  ftoKyg&n  an 
CQEyMtriatic  acid  gaaes.     Hyper-oacyniuriatic  ack),  tfaers 
fbre,  if  it  do  eisist,  is  unknown  in  a  perfectly  ingndnted 
states  and  there  are  only  the  sates  named  Hyper-oigF' 
muriates  supposed  to  contain  it,  the  history  of  i^^ch  ia  to 
be  de]it«red.    From  the  la^ge  quantity  of  oxyjgen  thiy 
contain,  thqt  act  with  violfflice  on  inflammable  bod]«% 
producing  with  them  deflagration  or  detonation  by  men 
trituration :  they  afford  very  pure  oxygen  when  decom- 
posed by  heat  i  th^  produce  no  precipitates  with  metaflk 
salts,  as  the  muriates  do)  neither  do  they  retain  the  power 
of  die  oxymuriates  of  impairing  the  vegetable  ooioara. 

Of  these  sails  the  Hyper-oxymuriate  of  Poladi  ia  tw 
kn^vwn.     To  prepare  it,  a  solution  of  four  parts  of  snk 
carbonate  of  potash  in  sixteen  parts  of  water,  from  whick 
the  carbonic  acid  is  abstracted  by  the  action  of  fimc^  ii 
put  into  the  bottles  of  Woolfe's  i^aratus^  and  a  current 
of  oaytnurifitic  add  gas  is  passed  through  it,  from  a  r»> 
tort  containing  the  materials  from  whidh  this  acid  is  dis- 
engaged :  this  is  continued  until  the  alkali  is  nentmlfaiJ: 
the  salt  named  Hyper-^ixymuriate  of  Potash  is  dcpoiited 
in  scales,  while  a  portion  of  muriate  of  potash  remains  ia 
eoltttiim.    The  rationale  of  the  process  has  been  alre^ 
stated:  according  to  the  theory  hitherto  received,  die 
oxymuriatic  acid  is  supposed  to  suffer  decompositian^ 
one  portion  returning  to  the  state  of  muriatic  add,  the 
other  receiving  the  oxygra  whidi  this  has  yielded,  and 
forming,  by  uniting  widi  the  alkaliy  hyper-oo^^uriate  of 


potashi  tQoojEdiog  to  Mr  Dav/s  vi«sw9,the  «dt  whkh  has 
nceifed  tliis  name  is  a  ternaiy  coo^xyuAd'of  <)Kyifiiir^^ 
add,  oxygen*  and  poU4i  or  pota&sium. 

Hyper-oxymuriate  of  potaak  cfjeUlIiziBtr  in  «cfdest  in 
needleJike  erystekt  or  in  thin  (fwdrnxiffAut  jpUitesi  wliite« 
and  of  a  silvery  Iwtrie.  It  is  sohiUe  in  17  parts  of  water  at 
€0^f  and  in  tiro  parts  and  afaalfatSiS^s  it  mdltsfiKmithe 
a^pUoation  of  a  moderate  beat :  wheki  heated  to  rednes^*^ 
is  deoomposedy  and  vtevy  pure  oxyg«i  gas*  is  expelled*  a- 
mounting  t6  more  than  a  third  of  the  weight  of  the  stilt 
From  diis  d6coiBposilion>  Cbenevix  endeavoiuvd  to  de- 
termine the  ecMnpoaition  both  of  the  salt  itself^  and  of  the 
hjper-oKymiiriatic  add  which  it  is  supposed  to  contait^ : 
100  grains  freed  from  the  water  of  crystaDiaEition  yield 
98.8>  of  o^gen,  and  the  residue  contains  90  of  muriatic 
acid,  these  being  combined  with  39.2  of  potash>  and  2,5 
of  water  of  crystallisation  :  the  two  former  are  supposed  to 
constitute  hyper*oxymuriatic  acid,  the  proportions  of  the 
dements  of  which,  therefore,  in  100  partS)  are  65  of  oiy^ 
gen,  and  35  <tf  muriatic  acid. 

Hypep-oxymuriate  of  potash  is  decomposed  by  the 
acids.  Thrown  into  sulphuric  acid  it  decr«fiitate8»  Ae 
liquor  acqnirea  an  orttoge  colomv  and  a  dense  ydlowish 
green  vapour  is  disengaged*  If  heat  h  i^yplied,  an  eaqplo* 
sion  with  a  vivid  flash  of  lig^t  takes  place  $  if  the  acU  be 
diluted  so  as  to  admit  of  the  application  of  heat  with  safe- 
ty, the  elastic  fluid  which  is  disengaged  i9  a  mixture  of  oQcy- 
mnnatic  acid  and  oxygen.  The  action  of  nitric  acidissi*' 
milar,'  but  less  violent.  Moifatic  add  is  converted  into 
oxymuiiatic  acid.  The  ebtftic  fluid  disengaged  in  these 
decompositions  acts  with  considerable  for<;e  on  injOamma- 
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ble  substances ;  two  or  three  grains  of  the  salt,  for  exam-' 
pfe)  mixed  with  half  the  quantity  of  sulphur,  charcoal,  i^- 
sins,  or  oils,  forming  mixtures  which  are  kindled  by  the 
contact  of  sulphuric  or  nitric  acid. 

The  sab  Itself  acts  with  still  more  energy  on  inflamma- 
ble bodies.  If  a  grain  or  two  be  triturated  with  half  its 
weight  of  sulphur  or  charcoal,  or  if  the  mixture  in  these 
proportions  be  struck  forcibly,  a  loud  detonation  is  produ- 
ced.  A  similar  effect  is  produced  when  several  of  the  me- 
tals are  employed ;  and  with  phosjdiorus  the  detonation  h 
so  violent,  that  it  can  be  made  with  safety  only  on  a  very 
smaU  quantity.  These  mixtures  are  also  inflamed  by  the 
dectric  discharge  and  by  applying  heat.  These  eflfects  ap- 
pear to  arise  from  the  rapid  combination  of  the  oxygen  of 
the  salt  with  the  inflammable  body,  and  the  formation  in 
general  of  an  elastic  product 

The  other  hyper-oxymuriates  scarcely  require  particu- 
lar notice.  The  byper-oxymuriate  of  soda  is  not  so  easi- 
ly obtained  pure  as  that  *<^  potash,  as  it  is  nearly  of  the 
same  degree  of  solubility  with  muriate  of  soda,  and  is 
therefore  not  easity  separated  from  it  by  crystallization. 
It  oystallizes  in  cubes,  is  deliquescent,  and  is  soluble  in 
three  parts  of  ccUd  waler.  Hyper-oxymuriate  of  ammo- 
nia is  formed  by  decomposing  carbonate  of  ammonia  by 
hyper-oxymuriate  of  lime;  is  very  soluble  in  water  and  in 
aIkoh(J^  and  is  decomposed  l^  a  -slight  elevation  of  tonpe- 
rature.  Hyper-oxymuriate  of  barytes  is  soluble  and  cry- 
stallicable,  as  is  also  that  of  strontites ;  hyper-oxymuriate 
of  lime  is  deliquescent,  and  soluble  in  water  and  alkohol ; 
hyper-oxymuriate  of  magnesia  has  nearly  the  same  proper- 
ties. ... 
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